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ABSTRACT 


It 15 recognized that a means of converting 
electromagnetic fields into visible images would greatly 
simplify the problem of designing structures to optinize 
their compatibility with such fields. 

Two needs must be met to allow such visualization. 
First, the fields must be transduced into a phenomenon which 
is capable of being imaged. Second, there must exist a 
sensor which senses that phenomenon and generates an image 
visible to the human eye. 

The bulk of this work was to investigate the parameters 
and limitations of one possibile imaging procedure, called 
Dye Transfer Modulation (DIM). 

On the basis of that work and the development of a new 
sensor, the AGA Thermovision device was recognized as an 
exciting alternative to DIM. A brief investigation of its 


potential was conducted and 1s presented herein. 
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I. SIGNIFICANCE AND APPLICATION 
A. THE PROBLEM 

The design and analysis of devices which interact with 
electromagnetic fields is of principal interest in папу 
technical areas. One such area directly applicable to the 
Navy is that of shipboard antenna design and placement. A 
second is the problem of countering the coupling between a 
structure and a strong, broad-band signal such as an 
electromagnetic pulse. 

In both cases theoretical approaches, including 
computer analyses, become severely complicated by the 
existence of structural discontinuities (junctions) and 
assymmetric configurations of the structures under study. 
Even simple models of such structures show significant 
inconsistencies with experimental measurements, ? 

It would be highly convenient if there existed some 
Simple and direct means of measuring the currents and 
charges on such structures. One Candidate for such a 
process was suggested by Keigo lIizuka.? A more recent 
investigation of process was made by James Dodd3 to 
determine its application to the problem of structures with 


Junctions. 


B. TUS SIS 
This thesis is to determine the parameters of that 


process, to characterize those paraneters and their 


m ee Ue 


ee ce eee — | u oS ee E ELS‏ سے بع GER Xe ee — — oo hm ис‏ — —— سے سے سے 
GUÁ— oS a mum — me > = = SS eee A A AAA‏ 


2Keigo Iizuka, A Method for pnotographing Microwave 


AA a ae en mn с час с=с Rp др = 


with a Polaroid Film, Technical Report no. IviSion Of 
Engineering and u Еа EE Harvar University, 
Cambridge, Massachusetts, March 1968, p. 3. 

3Dodd, James L., A Direct Method of Visualizing tie 
Surface Distribution on Antennas at Microwave rregquencios 
ee Pas ге Structures, Masters 112515, 
U. 5. aval Postgraduate School, Monterey, Calif., 1974. 
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interactions, and to determine a set of parameters which 
would optimize the application of the process to the problem 
of imaging the scattered fields of structures with junctions 
and thereby to the determination of the currents and charges 


present. 


Crs THESIS OBJECTIVE 

The objective of this work is to optimize a method for 
imaging electromagnetic fields. This method is called the 
Dye Transfer 8toculation Process. Optimization is considered 
to have occurred when the images obtained with the process 
show the best possible definition of the fields. Ideally 
one should be able to easily distinguish regions of iow 
energy density from those of high energy density and 
determine the boundaries between them.  Purther the range of 
energy levels distinguishable by the process should match 
the range of energy present in the fields being measured. 
In short, it is considered necessary to find the settings of 
process parameters which would maximize the dynamic range of 
the process and match it to that of the fields being 


measured. 


11 





II. FUNDAMENTAL BASES 


mp damus dcum oe a e e E ëE AA шый 


There аге three fundamental bases to understanding 
dye-transfer modulation and to explaining why it may be 
successful in imaging a field when conventional photography 
is not. These bases are (1) understanding the basic 
photographic process (2) understanding the spectral 
distribution of energy and the application thereof to the 
basic photographic process and (3) understanding the method 


of color photography used here. 


A. THE PHOTOGRAPHIC PROCESS*4 

A conventional photographic film comprises a structural 
substrate on which is placed a colloidal suspension of 
crystals oz one or more of the silver halides: silver 
bromide, chloride or iodide. Each crystal comprises silver 


and halide ions in a predominantly regular crystalline 


structure. Within the structure, however, there are a few 
positive (Ag*) silver ions which occupy interstitial 
positions. When aa packet of electromagnetic radiation (a 


photon) of sufficient energy impinges on a crystal, one or 
more electrons are broken loose from the halide ions. This 
results in a modification of the state of the crystal. Тһе 
few free electrons diffuse through the crystal until they 
come in contact with some of the interstitial silver ions. 
The positive silver ions capture the electrons and become 
metallic silver atoms. A crystal with one or more metallic 
Silver atoms is termed а "sensitized" crystal. Оп а 
Macroscopic scale, the distribution of these sensitized 
crystals provides an image of the incoming light pattern. 
Since the crystals have not changed entirely to metallic 
Silver the image is not normally visible, and is termed a 


"latent" image. When exposed to a developer, however, 


SEE SS eee Gee ___ ы уо очи. 


“Engel, Charles BE., Photography for the Scientist, 
Academic Press, io 6G D.2 
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the atons cf silver catalyze the reaction of the developer 
with the remainder of tne crystal, causing it to convert 
entirely to metallic silver, and thus forming what is 
commonly known as the negative. Subsequently, the negative 
is exposed first to chemicals which neutralize the developer 
(a "stop" bath) and then to those which remove the 
unsensitized crystals from the negative (a "fixer" bath). 
The chemical reactions described all require energy. In 
particular the crucial event, that of the halide ion giving 


up an electron, as in the bromide ion, 


ee + e- 


energy 


only occurs when the applied energy is sufficient to break 
the molecular bond. The energy required is proportional to 
the oxidation potential of the element and is found to be 


approximately 10-19 joule.S 


B. FREQUENCY AND ENERGY iN PHOTOGRAPHY 7 
The energy required to break electrons free fron a 

bromide ion must be provided by the photon striking the 

crystal. The energy of a photon is known from quantum 


mechanics to have energy proportional to its frequency 
Б = hf 


where h is Planck's constant, 6.626 x 10-3*  joule-sec. and 
f is the frequency of the radiation.® The lowest frequency 
radiation which is theoretically capable of triggering the 


process is then found to be approximately 


19 E 1.60 x 101% Hz 


— =—— — 





— — 


| SMasterton, W. L. and Slowinski, Е. J., Chemical 
Principles, W. B. Saunders, 1973, p.255. 


6Beiser, À 
Dcbraw-Hoill, 1969, p. 


a == es a o чи 5 Gee ores cee War ^ md oe oe de quem owe eee = сю сс 


Е. Perspectives of Modern Physics, 
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or 160 thousand gigahertz, which corresponds to a wavelength 
аз microns (2 x 10-5. meters). (The maximum wavelength 
that can be imaged by available Kodak films is reported to 
be 1.15 microns.?) By contrast, the radiation associated 
with the radio spectrum is of the order of ten gigahertz or 
less, four orders of magnitude lower than the necessary 
frequency level. Thus, it is not likely that direct 
irradiation by RF energy shall trigger the photographic 


process. 


В. THE COLOR PROCESS 

Imaging fields is possible however, by controlling the 
events which occur subsequent to the sensitization of the 
film. In particular, the Polaroid Corporation color process 
("Polacolor") uses a diffusion technique which is sensitive 
to temperature. If the RF energy field can be transduced 
into a temperature field, modulation of the diffusion 
process is possible, resulting in an image of the field 
being formed. 

The principle of crystal Sensitization in color film is 
the same as described above for black and white film. The 
difference between color and black and white film is that 
color film actually has three emulsions, while black and 
white film has only опе. Each of the three layers is 
sensitized by a different primary color, the undesired 
colors having been blocked by filters built into the 
emulsion. In addition to the silver halide crystals and the 
color filter, each layer has a chemical (a "dye-coupler") 
which reacts with the sensitized crystals and the developer 
to create a dye when the film is developed. It is at this 
point where the photographic process can be used to provide 
imaging of electromagnetic energy. Unlike other processes, 


the Polacolor method causes dyes to be formed in all three 


ee ee шиши Щз чис час сд 


"Eastman Kodak Company, Kodak Publication No. Я-17, 
Kodak Infrared Films, 1972, p. 2. 


8Pngel, p. 45, ff. 
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Јауег5 of the film independently of the amount of 
sensitization of the emulsion. Subsequently, sensitized 
crystals in each of the three emulsions cause some of their 
respective dyes to become anchored in the emulsion. 9? This 
anchoring, or leaving behind of selected dyes is terned 
mordanting. How much of each dye is mordanted (rather than 
the amount created) is therefore proportional to the amount 
of sensitization to which the film has been exposed. The 
unanchored dye molecules then diffuse upward through the 
multilayered emulsion until reaching the substrate for the 
print, where they become fixed. It is this diffusion 
process which is used in dye-transfer modulation to obtain 


an image. 


Mirtle, John R., “Chemistry of Color Process," SES 
Handbook of Photographic Science and Engineering, Wiley 


E 
nd Scien = 
И) р 567-5068: 
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ПР THE PROCESS OF DYE TRANSFER MODULATION (DTM) 


ae UO i pum SS چ‎ es سے س سے س‎ ee ee ee ee eee ee ee с шшк 


The Dye Transfer Modulation (DTM) Process is prinarily 
dependent on the Polacolor diffusion process. The technique 


comprises four sub-processes. 


№. BASIC PRINCIPLE OF DTM 
It can be shown! that the rate of a chemical reaction 


is temperature dependent by the expression 


R Та 1T 
dog ع‎ = К —À1- 
10 R 1 TT 
1 1 2 
vhere K is a constant, эу is the temperature of the 
1. 
reaction and R | is the rate of reaction at the correspond- 


i 
ing temperature. It can further be shown!! that the rate of 
diffusion of a substance through a medium is temperature 


dependent by the expression 


where j is the change in diffusion flov for the indicated 
change in temperature T and К, is another constant. 1: can 
be seen that for both rates the effect of a given change in 
temperature at a low temperature is significantly greater 
than at a higher temperature. Рог example, at гооп 
temperature a five degree change in reaction temperature 


gives the ratio 


2 1 = - 5.46 х 10-5 
EDS 3002305 


while at the temperature of dry ice, approximately 195°, 


that same five degree Change in temperature yields 


2 = 5 = 1.28 x 10-* 
ТТ • 


10Masterton and Slowinski, p.380-382. 
11Encyclopaedia Britannica, 1968. у.7, р.424. 
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2235 larger Епат the effect at room temperature. It is 
clear that temperature variations can be used to modulate 
the reaction rate in the formation of dyes and, further, to 
modulate the rate at which the dyes in the unsensitized 
layers diffuse to the print substrate. It is also clear 
that a given change in temperature shall have a greater 
effect on these rates if the ambient temperature is low. 

The basic principle of the Dye Transfer Modulation 
Process is to transduce an energy field, particularly an 
electro-magnetic field, into a thermal field, then use the 
thernal field to modulate the rates of reaction and 
diffusion in the Polacolor process. Тһе tern "Dye Transfer 
Modulation" reflects the fact that the end result is to vary 
the amount of dye which transfers from the film negative to 


the print. 


B. FAL] SENSITIZATION 

The schematic drawing of Figure 1 shows the crossr 
Section Of a Polaroid Fil Pack. Figures 2 and 3 show the 
actual film packet and itsS components. Three emulsion layers 
are placed on the negative substrate, sensitive to red, 
green, and blue light, in order upward from the substrate. 
Their developers, when activated, produce cyan, magenta, and 
yellow dyes.!2 Thus the layer farthest from the surface of 
the negative is the layer sensitive to red light, which 
produces cyan dye. Contrellability of the diffusion process 
is maximized by allowing only this deepest dye to escape the 
negative. This is accomplished, in principle, by excosing 
the film thoroughly to blue and green light. Such exposure 
will cause tne yeilow and magenta layers to be mordanted in 
the negative, leaving only the cyan, red-sensitive layer 
free to diffuse to the surface of the negative and thence 
onto the print surface. 

This selective pre-sensitization of the film 15 


effected by exposing the film in a box camera and using 


ов s ma mm — ey m a y 


в Е Jandbook..., D. 567. 
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filters to allow only the desired wavelength ranges of blue 
and green light to reach the film. The sensitization setup 
is shown in Figure 4. Practical aspects and parameters of 


this step in the process are discussed below. 


C. TEMPERATURE BIASING 

The film is then placed in a closed styrofoam container 
(shown in Figure 5) at a position approximately one 
centimeter away from a layer of dry ice and allowed to cool 


to a selected temperature. 


D. DEVELOPER ACTIVATION 

When properly cooled the developers in the film are 
activated by passing the film pack through a Polaroid 4 x 5 
Land film hoider model 500 (figures 6 and 7). The holder has 
rollers which break a pod containing an alkaline activation 
chemical (shown in figure 3) and spread the activator 
between print and emulsion. The activator diffuses into the 


emulsion and activates the developer. 


Е. TRANSFER MODULATION 

The film pack is then placed in an electromagnetic 
field. Here, current is induced in the emulsion causing 
localized heating proportional to the intensity of the 
electric field.!3 This heating then speeds the diffusion of 
the cyan dye molecules to the print substrate producing an 


image of cyan dye in the areas of greater field intensity. 


—— — ©їч—-_———-—— ap 


13Keigo Iizuka, p. 3. 
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Figure 5 
Film Cooling 
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IV. — PARAMETERS Of THE PROCESS 

The thesis objective was to optimize the dynamic range 
of the process. The dynamic range is primarily determined 
by the film characteristics and by the various process 
parameters which affect those characteristics. This chapter 
identifies and qualitatively describes some of these 


parameters. 


A. FILM DENSITY 

A film characteristic of fundamental value here is the 
concept of photographic density (D). Density is a measure 
of the darkness of a film image. It 15 quantitatively 
defined in sensitometric terms.!* In the Polacolor process, 
how dark the image gets depends on the amount of coloring 
Matter transferred to the print. As described above, the 
film is subjected to a radiation field after the dye 
transfer process has been activated. Initially, the print 
Surface is devoid of any color. As the film packet is warmed 
ehe эпа by the ambient temperature the dyes in the 
cyan layer (which has not been exposed to light) begin to 
transfer to the print by diffusion through the activator 
chemical which is between them. Obviously, if the transfer 
process is allowed to continue for a longer time more dye 


molecules can reach the print. 


B. CONTRAST 

When measured experimentally, density becomes a 
Space-averaged value and does not provide any information on 
the relative distribution of light and dark material or of 
color in the print. Yet the resolution and clarity of the 
image are apparently highly dependent on both these factors. 
The quantity contrast provides a measure of the perceived 
distribution of light and dark regions in a print. It is 


essentially a subjectively determined quantity, although 





14Аррепаіх А p. 87. 
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methods exist to represent the contrast characteristic. The 


industry uses gamma (f) where Tf is the slope of the 


straight line portion of the Characteristic 
density versus exposure (TD = Log a) “сипуе,15 Gamma 


represents the maximum amount of contrast for a given curve. 
The industry also uses Contrast Index (CI) as a measure of 


contrast.16 


C. APPLIED ENERGY 

An input parameter of prime significance is that of 
applied energy. As seen from photographic science, density 
is highly dependent on the applied епегду. 17 Since energy 


is simply power times time in constant power situations, 
E = PeT 


it is concluded that one may relate density to power being 
expended. The quantity generally used is the rate of 
energy flow per unit area, or power density, measured in 
watts per square centimeter. This quantity vas found to pe 
significantly dependent on the interaction orf several 
contributory factors: 
1. Power Source 
The power applied to the DTM process depends most 
importantly on the sources available. Selection must be 
made among these on the basis of still more factors. in 
general the sources available were limited to approximately 
300 mw/cm?. This limitation is due primarily to the factor 
discussed next. 
2. source Frequency 
The operating frequency is bounded below at 
approximately 1.5 gigahertz. This bound is set by the 


dimensions of the film and of the target structures whose 


ee ee eee se шы: шш» ~ 


15 See Appendix A, p. 87. 


16Kodak publication %Р-315 "KODAK Plates and Films for 
Scientific Photography", Eastman Kodak Conpany, 1973,p. 3. 


17See Appendix A, p.87. 
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field characteristics are to be investigated. Ап upper 
limit is set by the ability to visually differentiate 
features in a pattern. A selection was possible among 
sources which have output frequencies between .2 - 10 
gigahertz. Lower frequency devices can deliver larger power 
levels, but their radiating devices and target elements are 
generally larger than those of the higher frequency 
equipment, so that, with the available sources, the area to 
be irradiated varied directly with the power available, 
resulting in an essentially constant availability of power 
density. Consequently frequency selection was made only on 
the basis of the operating frequency bounds. The frequencies 
ultimately selected were approximately 1.5 and 8 gigahertz. 
3. Source and Target _ Resonances 

A second technologically related factor is that of 
resonance. The limitations on available power density 
reguired that experiments pe conducted in the near fields of 
the radiating devices. This situation results in strong 
interaction of mutual impedances, severely complicating the 
task of matching the source impedance to its load. The tine 
response of this near-field system has time constants as 
Shown by eauation V. C. 23 on page 60. The time constants in 
these experiments were sufficiently high in some cases to 
cause the impedances involved apparently to take ona 
time-varying aspect. That further complicated the task о: 
maximizing the power delivered to the filn. 

4. Source Radiating Devices 

The different radiating devices required for the 
various scurces result in different field distributions 
(and, consequently, differing power densities) being applied 
to the target elements. Ultimately two devices were 
selected which maximized power density available at the 
selected frequencies. A quarter-wavelength monopole over a 
ground plane with a corner reflector was used for the lower 
frequency work, while an open ended waveguide was used at 


the upper frequency. 
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2. Target Element Placement 
À final power-related aspect is that of target 
element placement, which affects interaction among the 
various elements of the near field scenario and the 


conseguent resultant load impedance presented to the source. 


D. PHOTOGRAPHIC PARAMETERS 
The photographic parameters are those which affect the 


print through mechanisms primarily related to photographic 


science. 
¡Eco ae pers ente Of Light E Source  and- Film 
Sensitivity 


Appendix A provides an overview of quantitative 
photographic terms and concepts which shall be used in the 
discussion which is to follow. Figure 8 provides а 
representativel8 sensitivity plot for Polaroid type 58 film 
and indicates peak sensitivities to blue, green, and red 
light (of the yellow, magenta, and cyan layers respectively) 
of 


Blue 350nn. 
Green ЗОВ. SION 
Red 64 5nm. 


It is particularly interesting to note that the green- 
Sensitive layer has two sensitivity spectra, one which is a 
proportional mapping of the same spectrum to which the blue 
layer is reported to be sensitive. It is stressed that the 
dyes do not function conpletely independently: 


Although each Se absorbs in one principal spectral 
Bo ou"t-arsosnas unwanted density in tne 
other spectral regions. These unwanted densities 
desaturate and darken colors ina photograph, thus 
Um PoRtEngscolor reproduction,.!? 


This duality in spectral sensitivity, and the 


relatively large separation between the blue-green spectrum 


198pojJaroid Corporation letter received March 1974 and 
appended as Appendix B. Note the caveat that these curves 
are not to be considered as average or a product specifica- 
tion. Data confirmed as being equally араса to type 58 
as to s 108 by telepnone conversation 21 June 1974 with 
Polaroi ‚Corporation Tecnica Не руше кош 
representative fr. Brooks Corl,who reported that the type 58 
and 108 films use tne same identical emulsion. 


ВЕБ напароок..., р. 652-453. 
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and the red-sensitive region tend to indicate use of the 
red-sensitive layer for the dye image, since the blue and 
green-sensitive layers should be able to be mordanted in the 
negative witnout excessively activating the red-sensitive 
layer. 

The color temperature corresponding to the color to be 


used for sensitizing the film are?9 


Color Wavelength (nm) Color Temperature (SK) 
Blue 350 8279 
Green 3 50 8279 

572 5066 


These colors are provided approximately by Wratten filters 
18A (at 360 nm) and 99 (at 550 nm). See Figure 9. The 
use of filters such as these, whose pass-band half-widths 
are 45 and 35 nm., respectively,?! minimizes the problem of 
trying to match color balance of the film as long ас а 
constant intensity of sensitizing light is used. (Increased 
exposure at any particular wavelength gives less negative 
density. 22 Thus, sufficient increase in exposure may 
override the attenuation characteristic of the filter.) 

ТЕ large variations in exposure are to be used, then 
the light source must be matched to the color temperature 
balance of the film using a color conversion filter with an 
appropriate Mired-Shift-Value (MSV).23 Polaroid film is 
Color balanced for 55009Қ,2% For use with 4860°K blue 
photoflood lanps a color conversion filter with an MSV of 
-26.5 is indicated, which corresponds approximately to a 
Wratten 78C (whose MSV is -24).29 


a. ee Um 


20Appendix A, p. 88. 

?1SPSE Handbook..., p. 308-309. 
?2C.f. Appendix A, p. 87. 
231р14., р. 92. 


24Polaroid Corporation publication PX 850, December 
НУДЕ Cp. 1. 


2SSPSE Handbook..., p.315. 
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In summary, the cyan dye layer is indicated to be the 
most useful layer for the modulation process. Тһе yellow 
and magenta layers should be mordanted in the negative by 
exposure cf the film to blue light of 350nm. and green light 
of 572nm. approximately derived by exposing the film to a 
4800%K light source first through a Wratten 18A blue filter, 
then a Wratten 99 green filter. If various exposure 
settings are anticipated the light source should be 
compensated to 5500°K by concurrent additional use of a 
Wratten 78C color conversion filter. 

2. Choice of Color Exposure Times for Sensitization 

The film negative has been described as comprising 
three basic dye layers. The pre-exposure of the film is 
seen to be a method of selectively mordanting dye layers in 
the negative to allow only the deepest (cyan-colored) layer 
to diffuse up to the print. It is not considered likely 
that in practice the two higher layers are completely 
mordanted. Rather, it is apparent that to some extent the 
yellow mixes with cyan to provide a green tone, while 
magenta mixes to provide blue. The relative proportions of 
these can be controlled by varying the amount of light each 
receives during pre-exposure. Increasing blue light results 
in less yellow being transferred. Increasing green light 
results in less magenta being transferred. 

As a consequence, rather than a single D-log H 
curve, there are two density curves in this process; density 
versus blue exposure for selected values of green exposure, 
and density versuS green exposure for selected blue 
exposure. It is possible to select values of blue and 
green pre-exposure which set an operating point on the three 
dimensional contour which provides the largest value of 
gamma. 

These curves are found also to vary with respect to 


the initial temperature selected, as discussed below. 
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Bolder at a rapid and uniform rate. Any hesitation while 
pulling the packet through the rollers results in uneven 
distribution of the dye-developer activator with a resultant 


ridging in the final image. 


Е. THERMAL PARAMETERS 
1. Temperature Biasing 

The film packet must be sufficiently cooled to 
ensure that the only modulation of diffusion and developzent 
which occurs is due to the localized heating by the incident 
energy field. If chilled excessively reactions cannot 
occur. Further cooling of the reagent pod will cause it to 
solidify and thus prevent activation of the developers. 
Conversely, if the packet 1s not sufficiently cooled the 
development and dye transfer processes will proceed at a 
rate too high to allow significant modulation by the 
incident field. The effect of these varying factors is seen 
primarily as a change in print density. It can be 
understood that if the film is cooled for different amounts 
of time or with different materials, its temperature, when 
initially inserted in the radiation field, shall be 
different. For a lower initial temperature a film should be 
expected to require more heating (longer radiation time or 
higher incident energy density) to acquire a particular 
density reading. It may be then concluded that the print 
density is dependent on initial temperature as well as on 
applied energy. 

2. Cooling Procedure Parameters 

Several aspects of the cooling technique were 
investigated, primarily as a means of  calibrating the 
temperature of the filn. 

a. Choice of Coolant 

Two methods were used to cool the film. Liquid 


nitrogen was used for very low temperature work (at 
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temperatures DOTOWES-309Chos andodry .eeseids used or 
temperatures between -30? and 20? C. 
b. Cooling Device Temperature Variations 
These were found to be essentially exponential 
responses in time, and highly predictable. 
C.  Activator Chemical Freezing Point 
This value was investigated in order to 
determine a lower bound on the temperature for pre-chilling 
the filn. 
E. DYNAMIC RANGE 
For a given setting of other process parameters, the 
amount of density (D) appears to be proportional to the 
amount of energy (E) present in the fields being measured. 
Therefore one measure of dynamic range might be the range of 
energies over which noticeable changes in density occur. 
Referring to the D - loa H curve?$ one can see that dynanic 
range can be measured by the range of energies over which 


there is a slope to the curve. 


A - 


Density 


Dynamic Range 
= | др 





(satt 
Dynamic (Energy density) 
Range 
= (АЕ 


| Figure 10 
Typical D ~ Log H Curve 
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26Appendix A p. 87. 
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Alternatively, it can be seen that the dynamic range is 
also affected by tbe total amount of change in density. À 
large range of energies is of little use if there is only a 
slight change in the density over that range. Therefore it 
is concluded that the range of values over which the film 
density varies for different energy settings is also an 
important measure of the dynamic range of the process. 

A performance measure of the dynamic range of the 
process, which takes into consideration ranges of density 


and energy, is a quantity defined as sigma (G): 
С = D Sds— =AD-AE 
It is considered desirable to find the settings of other 


process parameters which result in an optimization of sigma 


over its range of values. 
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V. EXPERIMENTAL METHODS AND MODELS 


lr eee oe и‏ س сылы me ee ee ee ee‏ سے چ سے 


Several characteristics and parameters affecting 
optimization of the process have been identified. The 
quantification of these factors was achieved through various 
experiments. The following is a description of those 


experiments and of the models used to develop then. 


A. DETERMINATION OF FILM DENSITY 
1. Film Density Standard 


ae SSS Se ee оре ر‎ eee ee Ор ои oe qe ee ep oe 


Film density was deemed a fundamental 
characteristic. An ability to measure it was considered 
essential for other experiments. Facilities were not 


available for direct density measurements in small areas ot 
the film. Therefore a set of prints was developed as a 
comparison standard for selected combinations of blue and 
green sensitization. Other photographs could then be 
compared visually with the standards in order to determine 
density values in different regions. 

The standards were developed as follows: 

a. A particular ratio of blue an û green 
Sensitizing exposure was selected; e.g. 2:1. 

b. Successive exposures were made of a uniform 
surface (white cardboard) with a constant light source 
(4800°K at 225 foot-candles.) Each exposure was made with 
the selected ratio but with increasing fractions of seconds 
of exposure for each color; e.g.: „sec. plue moves green; 
ssec. blue ізес. green; 1sec. blue ;sec. green; etc. 

с Each exposure was developed at a uniform 
temperature (239 C) for 60 seconds. 

d. A method was devised to provide the opacity (0) 
reading: 


Incident Intensity (I) 
1 


ag ee ee es ee ee ee ee ee ee ee ee ee ee ee ee ee ee «ане ee ee 


Reflected Intensity (I ) 
r 
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from which the density (D) was computed 
уз = 
log, (9) 


The method used fluorescent light on a white cardboard 
surface to reflect uniform light on the print. The 
light (1 ) incident on the print from the cardboard and the 
light (т^ ) reflected from the print were measured with a 
light Rc in foot-candles. Figure 11 shows the 
measurement method. Densities (D) were obtained for each 
exposure for three different values of I. (38, 50, and 60 
foot-candles). These values were then averaged to give а 

e. A different ratio of blue and green was 


selected and the process repeated. 








| Figure 11 
Density Measurement Method 


2. Variation of Density with Ргеехрозиге Ligat 
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The combined effect of intensity and color balance 
on film density was obtained by plotting the various values 
of Density obtained above in a three dimensional display of 


D versus Log H for blue and green preexposure. 


27General Electric Model 8DW58YI 
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В. DETERMINATION OF DYNAMIC RANGE 

Another fundamental characteristic of the process to 5e 
measured was the Dynamic Range, the breadth of which is to 
be characterized by the quantity C" (sigma): 


с? ADAE 


where AD is the range of print densities resulting from a 
range of applied energy AF. The value of this performance 
measure was to be found for various ratios of blue and green 
light sensitization, for different levels of total applied 
energy and for different settings of other process 
parameters. These quantities were neasured as follows: 

ПО ЛА particular ratio of blue to green sensitization 
exposure Was selected. 

D. The filn was pre-chilled to a specified 
temperature, activated and placed at the open end of a 
waveguide. The power supply was turned on, irradiating tne 
film for a specified interval of time during чил соу п 
levels were recorded. 

3. At the end of the radiation period the power 
supply was turned off and the print was separated from the 
negative to halt the transfer process. 

u. ТЕ an image was visible in the region of the wave- 
guide aperture then the power was reduced using a 
calibrated attenuator. The process was repeated until there 
was a just barely noticeable change in density. INE = 
point the highest energy level Emax of the energy range was 
considered to have been reached. 

5. The width of the image was measured between points 
at which an image was just barely visible. This width 
could be converted to a power difference with respect to the 
maximum рокег.28 At that point it was considered that the 


lowest energy level Emin had been reached for the selected 


28 (see paragraph V C below). 
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ratio. Therefore a пен ratio was selected and the 
experiment repeated. 

6. When all desired ratios had been tested the recorded 
power levels were adjusted for factors such as refiections?? 
Бо Find the actual "power delivered to the film. The 
quantity AE was then found to be the difference between the 
adjusted highest power level Emax' and the adjusted lowest 
power level Emin': 

AE = Emax' - Emin' 

7. The prints at Emax! and Emin' were measured for 
density by comparison with the density standards. The 
difference in density at the two respective energy levels 


was taken to be AD. 


C. DETERMINATION OF APPLIED ENERGY 

Since the object of this work was to image applied 
fields, it was necessary to establish a means of measuring 
the power applied to the film by the selected sources. 
There are two aSpects to this problem. One is meaSuring the 
power applied to the film placed at the end of the waveguide 
for dynamic range meaSurements. The other 15 meaSuring the 
power applied to the film placed in the field of an array of 
dipoles. In either case energy E is taken to be the product 


of tine averaged power (P) and the radiation period (T). 
Е = Рет 


In both cases there were system time constants which 
resulted in a slow change in power delivered. These 
constants are considered to be due primarily to impedance 


Characteristics of the film?0 since pains were taken to 


Maintain the power supply frequency and power output 

constant. Because of these time constants the steady state 

power levels were taken as the values to be recorded. The 
29Ibid. 


30 (see paragraph V. C. 3 below). 
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following derivations therefore assume steady state 
conditions. 
The schematic of the power measurement setup is shown 
in Figure 12. 
POWER 
REELECTED FORWARD 






calibrated attenuators 





POWER 
SUPPLY 





Directional, 
Coupler 


Figure 12 
Power Measurement Setup 


In both cases power was measured through directional 
couplers, thermistor mounts and power meters. The equipment 
used were: 

Hewlett Packard: 
Model 430C Power Meter 
with 
Model 477B Thermistor Mount 


766D Directional coupler 


Assorted calibrated attenuators 
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а. Field Equations 
For a rectangular waveguide (Figure 13) driven 
by a sinusoidal source of such a frequency (o) as to induce 
IE. mode operation above cutoff, the solution to the 
waveguide equations gives the following expressions for tne 
X, Y, and Z components of the electric (5) and magnetic (H) 
fields:31 


A——— — ew c — =чш ERE AED > 


3igjordan, E.C. and Balmain, K.G., Electromagnetic Waves 
and Radiating Systems, 2nd Ed, Prentice-Hall, 1908, p. 250. 
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Ex = 0 Hx = "to Sin TX e X 
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a 
where for TE o mode above cutoff 


kes = y = 42 + о? ре 


jp = зе - me 


the X dimension of the waveguide ig 
an arbitrary complex constant E Je" 


Y 


а. 


H 


0 


fu and € are respectively the permeability and permittivity 
constants, and %, Y, 2 are unit vectors in rectangular 


coordinates. When expressed in phasor form these simplify to 


Ex = 0 Hx = 3 Ва sin(x)? 

Tr a 
کے‎ eT A T га 0 К . 1 
у ) врана sin (îz) Y Hy (үз е 
Ez = 0 Hz = 


A 
[Hc cos (mx) 2 


b. Time Averaced Power Density 
The time averaged power density is known to 
be32 a vector quantity 


р = 1 Ве (E x H¥} (V. C. 2) 


mie 


When the cross product T x H* is taken, the real component 

is simply E. z so that time averaged power flow (P (x)) in 

watts per square meter is 
P (x) 


* ^ 
5 (Ey Hx ) 2 


Беја = | во. 1 = зіпг(тх)2 (ЧС. 3) 


1 


Figure 13 shows this distribution as seen across the face of 
the waveguide. It shows a flow of power down the waveguide 
in the z direction, uniforaly distributed in the y-direction 


but tapering off sinusoidally as it moves away fronstıe 


mu un oe A — e e ae aw 


32l1bid., p. 171. 
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center in the direction. Figure 14 is a 
photograph of the waveguide cross section showing that 
distribution in fact. 


Power 
x 


xa X 


| 
__! 


Figure 13 Waveguide Dimensions and Power Distribution 


Figure 14 
Photograph of Power Distribution across Face of Waveguide 
Clearly, there is in fact a power distribution across the 
waveguide. The problem is how to relate those levels to tne 
levels measured at the entry port of the wavequide. It 15 
considered that the following discussion supplies that 
relation. 
C. Total Power at Waveguide End 

The expression for P (x) in (V. C. 3) above 
gives the spatial distribution of power as a tine average. 
The integral of that expression over the face of the 
waveguide gives the total time average power in watts 


delivered to the open end of the waveguide (P(0)): 
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P - P - Pn 
NE total 5 Ое 
avg 
52 a "пат = A 2 2 
a K sin (Ex) dx К = реја L7 D 
P(o) = fupa2jilo12b (V. C. 4) 


If the power measurement system were lossless and there were 
no reflected power, the power measured as going down the 
waveguide (Р (5)) would be the value P(o). By comparison 
with P in (V. C. 3), it is seen that the power being 


delivered at the center of the waveguide (P peak) is: 


P k = 2 P(o) (з се 
(х) реа lI (о) = ( ) 


The relationship now to be investigated is that between the 
total power going down the waveguide, measured at the power 
measurement system, P(S), to the total power being delivered 
at the open end oí the waveguide, P(o). 
d. Relation between Total Average Power at 
Waveguide Source and Load 
Because of reflections from the load there are 
Standing wave patterns in the waveguide. It is known that 
the current and voltage standing wave patterns are periodic 
with a period of half the waveguide wavelengths and are 
Shifted with respect to each other by a quarter wavelength. 
Figure 15 shows the patterns for an open ended transmission 
line.?3 Since the power delivered is a product of voltage 
and current, it would be expected that there be regions of 
maximum and minimum power availability. Ina real systen, 
if there is no load present to accept that power, then 
currents shall flow on the outer surface of the waveguide, 
and the power shall be expended in the losses of the 


waveguide. 


= A AN o ee эшо => == = 


33Ibid., pp. 219 - 220. 
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Figure 15 
The presence of these power standing waves can be shown 
analytically: | 
Defining the voltage refiection coefficient to 


be tne ratio of reflected to forward electric fields 


DEA OUR 
and the origin of the z-axis to be at the film end of the 


waveguide as shown in Figure 16: 


*e + tù ooe 


Re 
-% і о 
Figure 16. | 
Wave guide Transmission Line Coordinates 
At a point z = -f the incident electric field 
Ve IS: 
-j8 (72) 186 
Ve = Ve P = Ve P 
0 0 


where V is the peak value (in time and space) of the 
0 


incident electric field. The reflected field Ve 15 


Е En 
Ve = [ve if = "ve JEA 
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and the total electric field at point z= -Í is 


a 36% - 382 
Vg * X =v (e + Пе №) 
or generally 


T - v (e 318, Te e 
(NC NO, 


І (2) fer = Fall 


ОЮ 


ү 
7 
the time average power density at any point z then is 


P (z) - + Re [У (2) •1 (2)) Е 


- 4 ке} уо? [1 + 15774 = ut d 47145 (Пе cnn 


where we indicate the complex conjugate of a function A by 
A and take 


Mer ы t coset 

I(z,t) = I{z) сос(ож +¢@ ) 

Us is a real number, the peak value of incident electric 
field, Gis a time-phase difference between electric and 


magnetic field peaks. 

АЕ the source, where the power measurement 
setup is located, the power measured must be P(z) evaluated 
at z= -Q, which must also be the power being measured at 
the source after corrections are made for losses in the 
measurement system. That is, P(s) is the resultant of 


incident and reflected power 


Р (5) 


4 Re ) ee [1 + (Ге-) 26% -пже)20%) - ШЕШ М 


We can relate P(s) to P(o) by noting that by (У. С. 7), for 


z-0 


P(o) - 


мм 


= P 
ME ee рве | 


so that 
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Р = f(r 
T EA 
РАСЕ 0) 205) 
Р(о) = Ro, Bee Te. | . P(s) (V. C. 8) 
Dao. VM D LUE сұр 


e. Relation between Total Power at Source and 

Power Measured by Meters 
The final step in finding the value of power 
being delivered is to relate P(s) to the power levels read 
at the meters. The losses in the power meters and 
thermistor mounts are provided by the manufacturer as a 
parameter called the calibration factor (CF), which conpares 
meter reading (Pu) to the power incident on the thermistor 


mount (HEX) 


For the general case in which there is both forward (Pe) and 


ве ескеа (Р.) power being read, 
Рр = рч йрн 


= Pur — Рид 


& 


СЕ cH 


M NP Ee are the forward and reflected power meter 


Treading and Cre, СР are their respective calibration 


с, 
factors. 
In these experiments the power levels were such 
that in-line attenuators R&. and R, were required. Thus, 
P(s) = [Pue + R - [Pue + В (V. C. 9) 
| [fee t "| БА 
f. Summary 
In summary, beginning with assumptions of ТЕ, 
mode operation above cutoff the spatial distribution of 
average power across the waveguide (P (x) ) was found. Next 
the spatial total average power at the load (Р(о)) was 


developed. That value was then related to the average power 
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applied at the source (P(s)). Finally, the relationship 
between the source power P(s) and the incident and reflected 
power meter readings (Phe+sPha) was established. Thus the 
equations used to relate meter readings to peak spatial 


کے 
average power P(x) evaluated at x = а кеге:‏ 


P(x)peak - 2 Р(о)2 (V. C. 5) 
ab 
EN cot = Го" .ж\(5) (V. C. 8) 
| eee ee Nm. 
BKS) = Pe PR 
= ES + Re] B ES + id (V. C919) 
Where 
a = x-dimension of waveguide 
F = voltage reflection coefficient 
р = length of waveguide from lead to power measurement 
setup 
Pm = power meter reading 


CF = thermistor mount calibration factor 
R = in-line calibrated attenuators 
These formulas were used to measure the power delivered to 
the center of the end of the waveguide. 
2. Determination of Power Delivered by a Reflector 
System 
A driven monopole and 60° corner reflector over a 
ground plane were used to produce the field for some of the 
experiments. The use of a conducting reflector permitted 
application of image and array theory to determine the field 
in the vicinity of the system. Such a determination was 
considered necessary in order to select the placement of the 
reflector and of the target element which would optimize the 
field at the target element. The geometry of the system is 
Shown in Figure 17. 
The field reflected by a perfectly conducting 
ground plane and corner reflector can be considered to be 


produced by five image elements arranged in a hexagonal 


qu 





pattern.3* Phasor addition of the individual fields from 
all six elements then gives an approximation of the 
resultant field. Because of the different element-to-target 
distances involved, there are phase and magnitude 
differences which may vary Significantly along the axis of 
symmetry. The following development explores these 


possibilities. 












60° corner 
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| Figure 17a 
Perspective View of Refiector System 


2:764 Corner 


Ke y: Reflector 


A Driven element 


= i mage Clement 


~ 


d 4 За - 
(> Тағаев element y V De å 
Я i O 
C 5 


Ficure 17b 
Dimensions of Reflector-Image System 
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maus, p. 330. 
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a. Fields of a Single Dipole 
The near field of a single dipole has been 
derived35 giving the following expressions for the electric 
and magnetic field components of a quarterwave monopole over 
a conductive ground plane. The subscript m Shail be used to 


indicate that the mth element is being considered. 


— PR; = R = E 
Ба” = Bae 2 = = зен a re ind = 2cos "P lo 
m m 0 Be DN та 
(V. C. 10) 
ct А z =з B, = Re E) r 
He = ي‎ = Jia.” (e P “+ e ё = 2cosóHe Р B 
ur 


Ee, = 301,! 


where Ты! is the element source current, H is the monopole 
length (dipole half-length), Ё is the propagation constant, 
7 is 377 ohms, Z and > are unit vectors in their 


respective directions, and the R гы. апа ү аге defined 


(m^ cm 
for the ath element of Figure 17b by the geometry of Figure 


18. Prom that figure it is seen that 


Er Муг + 22 
These variables can be reduced to multiples of a wavelength 
(X) by defining 

Lm? Pm 


= 
! 


hA 


ec 


— س س سے س سے چ سے о‏ 


3SJordan and Balmain, p. 336. 
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Figure 18 | 
Geometry of a Monopole over a Perfectly Conducting 
Ground Plane 


Substituting (V. C. 11) in (V. C. 10) results in 


СИ = TE [een + созбги - ¿costs cose] 
Lim Lam Pm 
"peines + sinOzm - 2cosÓs попом | 
Гіт Im Pm 
where 
Om = 2 Сам 
Gem = 2WIam 
Оз = 2Th 
Om = 2T Pm 
5 | 
Ee, = Eg 
Х 


Separating E,' into its real and imaginary parts yields 
m 


Вам = Ве} + ЭТ Ea 


1 = «= 1 x Re a. 
Re {Eq E¿, SinÉ:m + sinÜam - 2cosOssinOam CCS 
Lim Гот Pm (V. C. a) 
Та (Би) = -Е, cos®im + соба - 2cos0scosOsm 
D Сат Pm 
A similar operation on H results in 
m 


Re {Høm} = Ese. (sinOm + sin®am - 2с05Өэ5ілбаһ ) 

Um (V. С. 12р) 
Tu На) = E (согду + созбгт - 2cosOscosQum) 
| Ém "s m m 
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From the geometry of Figure 17b it is clear that all tne ЕЕ. 
Shall not be aligned, so that the magnetic field resulting 
fron all six elements shall have two components, one 
parallel (Hy) and one normal (Hx) to the axis of symmetry. 
These components are determined by the geometry of 


Figure 19. 





N> 
m 
~ > 
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Figure 19 
Normal and Parallel Components of the mth Magnetic Field 


Fron that figure and the law of cosines, the included angle 


(x) is 


< = cos”! ys 2 + уњ2 + 24у 
2(d + y, NS 


* 


COS-1 Ka? + Km? + 2CK, 


mem eps НЕ» сл eo ae os Coe ee oe 


О UNS 


so that Но can be broken into its components, 


=> A 
Høm Er Bess X st Hm y ] 
Him = Нот COS« 
Hyd E Hon sink 


Examination of the geometry of Figures 17b and 19 shall 
reveal that the Hy components of elements 2 and 3 cancel the 
Hy components of elements 6 and 5 respectively. 
b. Effects of Reflection 
The development to this point assumes а 
perfectly conducting ground plane and corner reflector with 


perfect connection to the ground plane. In such a case the 
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reflection coefficient 15 -1. The (tangential) electric 
field is reversed upon reflection. The tangential magnetic 
field component 15 unchanged, while the normal magnetic 
field component changes sign. The net effect is that of the 
source current in the image element being 180 degrees out of 
phase with that of the driven element.36 ТЕ, however, the 
reflector 15 not in perfect contact with the ground plane 
the reflection coefficient (f°) becomes complex. Іп such a 
case the image source current suffers a phase lag as well as 
@econuation, and the reflected electric field (E,,) is the 
product of the reflection coefficient and the incident field 


(Езу!) for each reflection: 


~ ^ j®r 
МЫС 
Е = ME, ' 
аге, 
For multiple reflections the resultant electric field 


arriving at the target element is the original source field 


multiplied by the appropriate power of the reflection 


coefficient 
Бат В USES 
I = 1 for m = 1 (Үү: с. 13а) 
fi, = F for m = 2,4,6 
ES 
and 
Hom = Malem 7 PAG! X € HQ! F) 
and (Veo Ce 133) 
Hue = Va Hue! 


с. Summation of Component Fields 
For the array of real and imaged dipoles’ shown 
in Figure 17b at a point y, = K,Aalong the axis of symmetry 
from the driven element the total fields are found by phasor 


addition of the contributions from each element, taking into 


En Sim EM ee => => «ғыт» == m 


36Jordan and Balmain, p. 470 - 471. 
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consideration the phase and angular variations of the 


electric and magnetic fields described above: 


Pee 2 (“. С. 14a) 
where 
Eze 7 Re(P..) + JIn(E,.) 
6 
Re (Eg, ) = E, (Re (Em) ) 
6 
Im {E24} E Ey (Fe ам) 
Also, 
НЕ, = = Hye x (V. C. 14b) 
where 
6 6 ЕК: 
H ye E NI Ж s as um} Ы JO CUN 


and the mth contributions to these sums are described by 
equations (Y. С. 12) and (V. C. 13). 
d. Total Time Averaged Power Density 
The total time averaged power density DM 
impinging on that point ys is then found by applying 
equation (V. C. 2) to these total fields: 


P = 


Ке (P. ) 
av E 


|j‏ ر 


where 

a D حح‎ ж 

Pe = Ez X Н 
That cross product is found from 


х > 22 
(Е,х Ң2) = аек Ex Ey Ez 
-Hx* 0 0 
= = LL 2 (Үт. С. 15) 
SO that 
Pye = -EzHx” 
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ENG the geometry of Figure 18* R;,, 


terms of z and the various Ма, hence rc, in terns of Ewana 


can be found in 


Km: 
pe = (Бам) - (Km? + 52 + ћг) - 2hs 
Х 
(V. С. 16) 
г 2 = (Ses = (Km? + s2 + h2) + 2hs 
2m У 


to find the Kp we use the geometry of Figure 17b and the lay 
of cosines, where the angles œ and B are seen to be sixty 


and 120 degrees respectively: 


ме 
N 
|| 


(d * шін + QE 2 (dust jc 


ма 
N 
| 


(d + js cce — 20005 y )*decosi20? 


When sinplified these give 


2 = d2 + d * 2 
у = Y, 


2 Ss Po 5 (Voc. 217) 
e = + n + m 
Taking 
IT KA 
= K 
Y3 2^ (V: C. 18) 
Уз 9 ЕА 
We = KA 
Y; B US 
Y B а 
а = Сл 
results in 
К 2 = (2 +CK +K 2 
2 1 1 
K 2 = 3с2 + 3CK + K 2 (Vay Ce |27 
3 1 1 
By symmetry, then 
= 2C + K 
4 1 
5 3 
= K 
6 2 


Then, using equations (V. C. 19) and (V. C. 20) with 
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equations (V. C. 14) the total power present at a point 
M = KA along the axis of symmetry can be found by summing 
the contributions from all six elements. 
е. Measurement of Power 

The instrumentation of Figure 12 was used to 
monitor the power being fed to the driven element of the 
systen. Additionally a probe was used to measure the field 
along the axis of Symmetry. The probe, shown in Figure 28, 
Sampled the radial component of power flow. The sample was 
then measured with a thermistor and power meter arrangement 
such as that described on page 37 above. Since the probe is 
aligned vertically, it is considered that it only sampled 
the radial component of power flow. In order to compare 
experimental results with the expectations of equation (V. 
(Шо), the resultant value of Pye was first integrated 
numerically using Simpson's rule over the range in 
wavelengths, which corresponded to the length of the probe: 


OSL „05% 
Eae = f РЕ аз = | 
0 


Px ds * T ds 

A listing of the program written to carry out 
the indicated summations, products, and numerical 
integration is contained in Appendix C. It was found that 
fluctuations occured in the power being delivered to the 
System (Fu. ) when either the probe or corner reflector was 
in the very near field of the driven element. The effect of 
these variations on the measured power magnitude (Pem ) was 
corrected for by applying a correction multiplier (§) such 
that 


Рас = 5 * Pec 


The incident power was measured with the offending element 
moved far away from the driven element. This value (Pg) was 
taken as a reference. The ratio between distant spacing to 


near field power values was taken as the muitiplier, that is 
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Figure 22 | 
Power vs Spacing in the Field of a 
Мене ке со: Radiator 
(Monopole to Probe Distance is Principal Axis) 
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Figure 23 | 
Power vs Spacing in the Field of a 
609 Corner reflector Radiator 
(Corner to Monopole Distance is Principal Axis) 
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Figure 24 
Power vs Spacing in the Field of a 
09 Corner Reflector Radiator 
(Мопороје to Probe Distance is Principal Axis) 
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Figure 25 


Power vs Spacing in the Field of a 
609 Corner Reflector Radiator , 
(Corner to Monopole Distance is Principal Axis) 
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Figures 20 and 21 show plots of the results of integration 
for different values of the parameter Т . Figure 22 through 
25 show the composite dependence on spacing. Figures 22 and 
23 give power on a dbm scale. Figure 24 and 25 show power 
in milliwatts. Figures 26 and 27 are normalized to show the 


shift in peak power with different spacings. 





Figure 28 
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а.  Determimation of Film Impedance 
To determine the effects of system resonance it 
was considered necessary to model the film, then determine 
the response of that model to an applied field. A resonant 


circuit was considered likely: 


Cfo 
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This is seen to be equivalent: 


The capacitance is provided by the gap between waveguide and 
the conductive film negative. The resistance and inductance 
are present in parallel in the conductive media (the filn 
negative and the activating chemicals). 

The Laplace transform of the impedance of such 


ar cCircuit: 


AS i 1 
SC L + L 
R Ls 
= 5гЕТС + 51 + Е 
seLC + SRC 
Gee TA 
ZA US REGA LEPE 
LC 5° + S(K/ 
letting a = F; b= L- R?C, c = R а = R the impedance 
: men ЖОС ДО, 1 


becones 


2(5) = а + 943 | с) (Va C: 21) 


b. Determination of System Time Response 
The experiment consisted of applying a signal 
to the filxz to determine its characteristics, and, later, to 
obtain images. The response of the model to such a signal, 
considered to be cosinusoidal and of unit amplitude is found 


from a transmission line analogy, using Laplace transforms. 





1(t) = cosot 
SIMA SA 
52 + 2 
Ү(5) = I(s) e Z(s) (VANE 22) 
By expanding (Ме 22) using partial fractions and 
combining certain terms, the total response transform 


becomes 


twt 


C (w) z= AE е о 
1 ома = Ir 
= + d 
“> (w) = 


$(») 7 tan-!(Q) - «ап-1 (6) 


V(s) = s + Бс: (0) созбу] + -CBCa 9) sin J] = Са (9) 


where 


ReorEvwhrch^the inverse transform is 


-dt 
V(t) - K (wo) cos[wt - Blw) ) - K (a) e (Va C 23) 


where 
К, (ш) = У аг + DEC * (1) + 2арс (ә) соѕ[2 (о) ] 
К (w) = bC (©) 
2 2 


Ө(о) = Mw bC, (o) sin[$ (o ¿ 
С. (ф) СО5{ Ф (д) ] 

р. DETERMINATION OF THERMAL PARAMETERS 

Various thermal parameters were measured. All thermal 
measurements were made with a ‘thermocouple and a digital 
thermocouple апа сатагее. The ambient temperature was 
wee Centigrade (71.6°F). Variations of temperature with 
time were determined under various conditions, and changes 
in film density were determined for different initial 


temperatures. 


ee eee eee OS ee => 


370MEGA Thermocouple indicator, Model 05500, туре J 
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1. Cooling Box Temperature 
a. Cooling Rate of Box 
It was considered necessary to determine the 
tine required to reach a steady temperature inside the 
cooling box (Figure 5) in order to ensure uniform data. The 
box was filled with the appropriate coolant. The 
thermocouple was passed through a small hole in the side of 
the cooling box at the level at which the film would be 
placed. The top to the box was put in place at time zero 
and the temperature was then recorded at 5 second intervals 
until steady state had been reached. This experiment was 
repeated several times, and the average temperature for each 
time point obtained and plotted versus time. 
ba Effect orf Film 
The temperature changes inside the box when a 
film packet was inserted was similarly measured and plctted. 
2. Activator Chemical Freezing Point 
An experiment was conducted to find the 
approximate freezing point of the chemical. A thermocouple 
was frozen into a portion of the chemical and readings were 
taken as the chemical warmed to ambient temperature. The 
freezing point was considered to be the temperature at which 
the warming curve was minimum, since at that point energy 
was being used to change state from solid to liquid. 
они иста шке Variations in Film Due to Cooling 
Method 


— a — ape ur un 


е 


Two methods were used to pre-chill the film. 
Experiments were conducted to determine the temperature 
Changes in the film, with time for the different cooling 
methods, and thus provide a basis for determining the 
initial temperature of the film when first placed in the 
field. 

а. Dry Ice 

Dry ice was used to cool the film to 
temperatures between -30° and +20°C. To ensure consistent 


results the cooling box was always filled to the film 
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opening With dry ice. Crushed dry ice was used to fill all 
niches. The thermocouple was inserted through the box wall 
and used as a film support for all experiments where the ice 
was used. Them propels position resulted in а fairly 
constant cooling position for the film. Also the initial 
temperature of the box before film insertion could ре 
monitored. Consequently the experiment could be conducted 
under constant conditions. The temperature at the probe 
consistently was 509C before film insertion. 
b. Liquid Nitrogen 

For cooler temperatures liquid nitrogen was 
used as the coolant. х, was poured into a pre-cooled box 30 
seconds before film insertion.  Precooling was accomplished 
by pouring 60 nl. of the coolant into the box 1 minute 
before film insertion and removing it 45 seconds before film 
insertion. 

To measure the temperature inside the film this 
procedure was modified slightly. The film was inserted in 
the cooling box at time zero. The temperatures were obtained 
with the thermocouple previously inserted through a small 
(2mm square) hole into the space between print and negative 
in the film packet. The temperatures at 5 second intervals 
were recorded and averaged over several runs for each point 
in tine, then plotted versus time. 

4. Warming of Film_on Removal 
Finally, data was taken to determine the rate at 
which the film returned to ampient temperature after removal 


from the cooling box. 
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VI. PRESENTATION AND EVALUATION OF EXPERIMENTAL RESULTS 
À. SUMHAARY OF PARAMETERS 
In order to properly consider the results obtained it 
is considered useful to Summarize the various process 
parameters and their expected relationships. 
1. Principal parameters 
The process may be viewed as a system for whicn 
the input 15 applied energy and the output is image density. 
а. Applied Energy 

The energy 15 applied to the system in three 
stages: 

(1) In the sensitization  preexposure phase, 
the parameters are the amount of  preexposure to blue and 
green light. 

(2) In cooling the film, the principal energy 
ВЕЕР is the fiim packet temperature, “hich is itself 
dependent on the temperature of the pre-chill box. 

(3) In the radiation phase, the critical 
factors are initial temperature of the film, ambient 
temperature in the room where the experiment is being 
conducted, thermal response of the chemicals involved, 
strength of the applied energy field and duration of 
radiation. 

b. Image Density 

The density (D) of the resultant image is 

dependent on the interaction of all the above parameters. 
2. Experimental Objective 

The overall experimental objective was to 

а. Characterize the various parameters. 

b. Characterize the image density response to 
those parameters. 

c. Examine that response in order to determine an 
optimal set cf parameters which would provide the best image 


of an electromagnetic field. 
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These objectives were to be met by three sets of 
experiments. The first set may be considered to be a set of 
static tests, where a single parameter is varied on a given 
run. The results of these tests are presented in 
paragrapns B and C below. 

On the basis of these results certain preferred 
Sets of parameters were selected with „which the s waveguide 
experiments were to be conducted. This set of experiments 
may be considered to be a set of dynamic tests, since these 
measure the dynamic caualities of AD and AE, that is, what 
Maetations іп film density (i.e. contrast, AD) occurs in 
response to a spatial variation in field strength (АЕ). 
These experiments are discussed in paragraph C. 

The final set of experiments is the confirmation 
set, which were conducted to confirm the conclusions drawn 


ОП the first two sets. 


Бе THERMAL VARIATIONS 
1. Cooling Box Temperature 
With the cooling box filled with crushed dry ice 
to the film entry port, the top was put in place at time 
t= 0. The measurements were taken at the position of the 


faim, as seen in Figure 29. 


Cool Ing Box 1 








Crushed Dry Ice 


Thermocouple Lead 


Figure 2) 
Measurement of Cooling Box Temperatures 
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The results shown in Figure 30 show that the cooling box is 
effectively at steady state 4 minutes after being loaded 
with dry ice. The steady state reached after 15 minutes was 


consistently within a few degrees of -50°C. 


"Tem Po 





Figure 30 | 
Temperature versus Time for Cooling of Chill Box 


Figure 31 shows the change which occurs in the box 


temperature when a film packet is inserted at time t = 0. 





Time 
sec 


Figure 31 Я | 
Temperature versus Time for coped Of Chi ITBOX 
When Pilm Is Inserte 
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2. Film Temperature Variations 


Figure 32 shows the method used to record changes 


in the film temperature during the prechill process. 


Г Cooling Fox 


Thermocouple Lead 


+ Film Packet 


Measurement of Pi eure Changes 
Figures 33 and 34 show the curves for dry ice and 
liquid nitrogen cooling, respectively. These data are the 
basis for initial film temperature values assumed throughout 
for other experiments and data. These curves are of the 


form 


T(t) = K+ K e а + Kk e^ Ya 

3, has been seen to generally be of the order of 50 seconds, 
with J, approximately 180 seconds. Kr К, and K have 
typical values of -35, 7, and 50 respectively for dry ice, 
75, 70, and 27 for liquid nitrogen. Each datum represents 
an average over 3 runs (CO,) and 5 runs (N,).39 The average 
Standard deviation for these data points аге 29.4 апа 29.2 


for the dry ice and liquid nitrogen curves, respectively. 


{=O Е р Че см сы ош == зр ч 


38See Appendix D for definitions of statistical methods 
used. | 
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Пе ен > 
Piim Cooling with Dry Ice Coolant 





; | _ Figure 34 | 
Film Cooling with Liquid Nitrogen Cooiant 


67 





тће film reached apparent steady state after 
approximately five minutes. Approximately five minutes 
later the film was removed from the cooling box and placed 
upright in a position similar to that being used to 
irradiate the filn. Figure 35 shows the time response of 
the film to these conditions. “Time zero represents the tine 
at which the film was removed from the box. This curve is 
of the forn 

T(t) = K + ыы + ке Ye 


Representative numbers for Ke К, Yio К and у аге, 
2 


respectively 22,5,15 seconds, 55 and 95 seconds. 


4 еже е ^9 е 


240 


Teme 
Sec 





E gue о | 
С versus Time for Film 
when removed from Cooling Box 


The data of Figure 35 was averaged over 4 runs, and had an 


average standard deviation of 19.4.39 


qme qme > ee eee ee m 
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Warming Curve of Activator Chemical 
«3. Activator Chemical Freezing Point 
Figure 36 Shows a one run result of an experiment 


to find the approximate freezing point of the chemical. The 
minimum slope (021 = 0) occurs when the temperature reaches 
а 


-79C, which is taken as the freezing point of the chemical. 


C. DENSITY VARIATIONS 
1. Density Variation with Sensitizing Pre-exposure 

Figure 37 and 38 display the density variations as 
a function of two parameters on logarithmic axes. These are 
the results of the experiment described in paragraph V. A. 
above. The horizontal axes represent the composite amount 
of pre-exposure to filtered blue and green light (Log H 
(Blue) and Log H (Green)). The vertical axis 15 


representative of the average film density (D) which 
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resulted from such pre-exposure. Each figure provides a 
view of the same data from different viewing angles to allow 
observation of different aspects of the film's response 
characteristic. These figures reveal a significant 
variation in dynamic range over the field of measured 
exposure levels. The steepest slope appears to exist in the 
vicinity of (-1.55, -.5) which corresponds to a blue-green 
pre-exposure of approximately sec. blue, „sec. green. 
The gradient appears to be aligned diagonally to botn 
horizontal axes. The nearest corner of the density function 
surface Shows the lowest response, corresponding to 
preexposures of 3 seconds for blue and 2 seconds for green 
Tight. | 


Relseive Density D 
| 





Доо о 5 he Us 


Time (sec) 


. FEIGUEE T | 
Average Film Density versus Preexposure Tine 
(Principal Axis is Blue Preexposure) 
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| ‚Figure 38 
ee Density versus Preexposure Time 
(Principal Axis is Green Preexposure) 


2. Density Variation with Initial Temperature 

Figure 39 and 40 show the changes in density which 
occur for different values of initial temperature and 
applied energy. 

The steepest slope appears to be in the vicinity of 
the temperature-energy coordinates of (0%, 1000 joules). 

The gradient is aligned diagonally to both axes, 
Showing an overall dependence on total energy applied during 


the radiation phase. 


> 








Density versus en Рагаве 
(Principal áxis is Nominal Radrated 





Ficure 40 
Mensity Versus sadietion Patrafteters 
(Principal Axis is Initial Temperature) 





D. DYNAMIC RANGE MEASUREMENTS 

The waveguide experiments were conducted to determine 
the dynamic range of the film, to be characterized as the 
product O of contrast (AD) and change in energy (AE). These 
experiments were hampered by a factor not previously noted: 
thermal noise, that 1S, unwanted images due to ambient 
temperature in the room. The static tests were conducted 
With а uniform image {AD = 0) so the incremental 
contribution of ambient temperature was not seen. However, 
the waveguide .experiment required simultaneous imaging of 
high and low energy regions. An expected variation of 
density occured in response thereto. Additionally, though, 
there was a uniform density distribution due to the uniform 
ambient temperatures near the experiment. The effect was 
ninimized by using long pre-exposure times, e.g. 2 seconds 
blue, 1 second green and low initial temperatures, e.g. 
-309. This however restricted operations to the flatter 
regions of the surfaces presented in Figures 33 and 35. 
These flatter regions have a much lower and generally 
uniform dynamic range as measured by С = зраћ. 

The phenomenon is directly analogous to that of a 
receiver or control system in which high sensitivity and 
dynamic range iS accompanied by poor performance because of 
noise response, so that optimal performance is ultimately 
found to Ке derived from a raised a.g.c. threshold or a 
damped system. Figures 41 and 42 show two photographs, one 
раКкеп ат а high sensitivity point on the surfaces, the other 
taken at a low sensitivity point. The preferability of the 


latter is obvious. 


E. EHESEDEUMEASUREMEN NS 

Figure 43 shows the normalized precomputed and 
normalized experimental values of relative power in the 
field of the dipole and reflector system, as a function of 


the corner-to-driven-elerent distance for a reflection 
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Figure 41 
Blue Exposure = */assec; Green Exposure = 3/90Sec; 
initial temp - -109С 





Figure 42 
Blue Exposure = 6sec; Green Exposure = 2sec; 
initial temp = -10°C 
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coefficient (Т ) equal to -. 4 Z-45°. Figure 44 shows the 
same for a reflection coefficient of -.92-30°. 

Figure 45 and 46 show the plots for the same reflection 
coefficients respectively as a function of  probe-to-driven 
element distance. These show the importance of providing 
good electrical connection between reflector and ground 


plane. 
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VII. EXPERIMENTAL CONCLUSIONS 


—— — «реаль чино анар чинно GERD GERD U «кет» «кек» «лым» O ney pe ee eg oe «Алқа «Алыш» Раца 


A particular set of parameters was selected ав being 
optimal. The set and the bases for its selection are 


presentea below. 


A. FILM SENSITIZING PARAHETERS 
1. Light Source and Intensity 
The choice of a 48009K, 225 foot-candle source was 
principally an economic decision based on available devices 
and a consideration of the discussion in appendix A. 
Оз Filters 
The choice of Wratten 47B (Blue) and Wratten 99 
(Green) filters was based on the corresponding responses 
indicated in Figures 8 and 9 and on the accompanying 
discussion in Section IV D. These choices were considered 
to result in approximately equal sensitization of blue and 
green dyes. 
3. Sensitizing Pre-exposure 
Blue and Green pre-exposures of 2 and 1 second 
respectively were chosen on the basis of the discussion in 
Section VIT D to place the response in an easily 
controllable region of the surface of Figures 37 and 38. 
The shutter opening was f/5.6 with a 50mm lens focused to 


ОО feet. The camera was a Leicaflex. 


B. FILM RADIATION PARAMETERS 
1. {nitial Temperature 

An initial temperature of  -209C was chosen to 
reduce the effect of ambient temperatures while reducing the 
amount of tine needed to be spent preparing the film. AS 
indicated by Figure 33, this temperature is considered to 
have been reached after 1” and 45% of cooling. Figure 35 
indicates that after 30% of exposure to ambient temperatures 
the film would still be at less than 5°C, and after 45° 


would still be at less than 10?C. 
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À frequency of 1.5 Guz was chosen to permit the 

largest possible image for the desired target elements on a 
single film. | 
3. Radiation Exposure 

I is concluded that ultimately the process is 

power limited with the facilities available to this author. 

At no time was there available a power density greater than 

approximately 300mw/cm2. With that limitation, the only way 

to increase applied energy was to increase radiation tine. 

This was counter-productive, since increased radiation time 

allowed increased warming, which resulted in images being 

fogged with responses to warmer temperatures. А choice of 

45 seconds of radiation with the maximum power available of 

approximately 16 watts was made to optimize the process in 


consideration of these factors. 


m ALTERNATIVE SOLUTIONS 

Within the overall aim of providing a simple and 
relatively inexpensive method of imaging fields, the most 
obvious method to improve the images beyond what ras 
accomplished here would be to increase the available power 
level, which would increase the ratio of desired to 
undesired thermal £ields in which the process operates. By 
thus raising the signal, the signal to noise rate 15 
improved. 

The next more obvious alternative is to reduce the 
noise by reducing the ambient temperature. This would 
require conducting the experiments in a cooled environment 
large enough to contain the radiation structure, or at least 


the scatterer and film. 


79 





VIII. FINAL RESULTS 


oe See Se ee A A eee 


A series of images were obtained uSing the parameters 
of Chapter VII. The target scatterers correspond to devices 


measured by Burton [2]. They are presented below. 
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Figure 47 | 
Region of Cross Included in DIM Images 
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Figure H8 
DTM Image of Driven Cross 
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А. SUMMARY 

Dye Transfer  Hodulation has been analyzed and 
parameterized. An optimum set of parameters subject to 
certain ccnstraints has been identified. Results have been 
obtained on significant structures using those parameters. 

A single major problemn remains to be solved for the 
process to have widespread application. That problem is 
that of insufficient margin between power density of the 
applied electromagnetic field and power density of the 
ambient thermal field. 

Two solutions have been suggested, one being to 
increase the available EM power density, the other being to 
decrease the ambient thermal field by conducting the process 
in a cooled enclosure. 

A third alternative was determined shortiy before the 
conpletion ot this Work. A long wavelength (2 - 5. 6 Jam) 
infrared detector was obtained on a loan basis from the 
manufacturer.*C The device is sensitive to temperatures in 
the ambient range and displays them on a television screen. 
An experiment was conducted by the author to determine its 
applicability to our purpose. A piece of ordinary carbon 
paper was attached to a cardboard backing with adhesive. It 
was then placed against a monopole scatterer which was then 
irradiated. The image produced on the screen was 
photographed. Figure 50 is the result. 

The advantage lies in the fact that 1% expresses a 
change in energy as a change in hue of the image rather than 
simply a change in density. Since the eye is more responsive 


to changes in color than in density the image presents 


—— ae q e: --— ——À сө» oa ышы 


*OThe device is the AGA Thermovision 470 System, 
manufactured by AGA Corporation, 550 County Ave., Secausus, 
Male, 07904. 
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greater visibility. Comparison between Figure 50 and Figure 


49 are invited. 





figure 50 


AGA Thermovision Image of Scattering Cross 


Follow up experiments were conducted with this device and 


are discussed in in Appendix F. 
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APPENDIX A 


rs td 


Ar BERLEN SENSITIVITY VERSUS EXPOSURE 

Direct parallels can be drawn between fundamental 
radiometric and photometric quantities. In sensitometry, 
("the science of measurement of tne sensitivity of 
photographic materials") *1 quantities which are of 


particular interest are*? 


kadiometric Photometric 


-r сар Р ہے سے‎ | rn = o= a a O A чеш سے ہے‎ ава а > 


Quantity Symbol Defining equation Representative Units 
ame 


Energy Q joule lumen-second 
egy joule/n3 111555216 
oule/m n.sec/n 
density ® د‎ oy 4 4 
Елег . 9Q watt In: 
Plax Ф Ф fot 
Irradiance watt/m? Im/n2=1lux(1x) 
(111ил1-) E E= 05/۵4 Ee a esate ee 
nance) 
iieensity 1 Le 28 /au watt/ste- candela (cd) 
we solid angle Ma =1m/steradian 
Radiance watt per cd/me 
(Lumi- = L= ÖL/ow (sen +m) 
nance) 
The distinction betueen the two measuring concepts is 


Simply the preposition of the appropriate adjective; e.g. 
radiant energy in radiometry, luminous energy in photonetry. 
This method of distinction is evidenced in the quantities E 
and L above. The candela was defined^3 by the 9th General 
Conference on Weight and Measures, in 31948, as 1/60 the 
luminance О а black body radiatori heated to the 


temperature of solidification of platinum. A lumen is the 


— Se ee mmi MÀ x eee 


4iEngel, p.21. 

. *2"Scection 2 - Radiometry and Photometry" SPSE 
Handbook of Photographic Science and Engineering, 1973, 
pp. они. 

*3Engel, p. 178. 


**The subject of Densitometry is discussed at length in 


"Section 5 Densitometry," J. Paul Weiss, editor, SPSE 
Handbook of Photographic Science and Engineering, wiley, 
7 Po 7 ® 
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time rate of energy radiation (radiation power output 
present) in one steradian from a source with an intensity of 
one candela. illuminance (or, illumination) is commonly 
measured in foot-candles in the English speaking world, 
which is defined as one lumen/sft2.¢5 Tlluminance varies as 
the square of the distance from the source to the film.*9 
One more quantity is the quantity exposure (H). Exposure is 
defined as*" an energy density: 
ЕЕ 

where E is defined above and t is time. Exposure 15 
conventionally given in units of ergs per square centineter. 
In practice it is referred to as a combination of lens 
setting and exposure time in fractions of a second, e.g. 
"f/8 at 1/30." Lens settings are measured in "f-stops" where 
the f-stop number is defined as the ratio of focal length of 
the lens to the diameter of the entrance pupil.*8 F-stops 
meen Conventionaliy 1.4, 2.8, 4, 5.6, 8, 11, 16, 22 vita one 
half stop in between. While most cameras are provided with 
"Click stops" which provide specific stop settings some 
lenses may be varied continuously. One conventional f-stop 
decrease in lens opening represents an approximate doubling 
of illumination, hence of exposure. Precisely, the 


comparison iS between the squares of the f/number:*9? 
у= f un EN 
£ E "I; 


£/16 to £/11 yields 1l = ЗЕ, 


For example: 


Over a short range of f-stops the increase of an 
additional f-stop may be compensated for by cutting the 
exposure time in half providing a constant exposure (H). 


However, if a large change in either parameter 15 made 1: 


тв си > хоту чс шыс =‏ وھ ت س 


sSEngel, p. 178-179. 
*eIbid. p. 79. 

*'SPSE Handbook..., p. 767. 
oid. р. 195. 

*9Engel, p. 96. 
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cannot be so simply compensated by changing the other 
Euler by a reciprocal amount. The reason for this 
етсе of reciprocity lies im the reaction of the emulsion 
to very large or very short durations of illumination, with 
Ma erent explanations for each case. In either case the 

Film sensitivities are conventionally provided as a 
plot of experimental data: 

The particular emulsion type is subjected to different 
amounts of exposure (i) and developed under standard 
conditions. The density(D) of the developed negative is the 
logaritha of the opacity (0) where the opacity is the ratio 
of incident intensity to transmitted intensity: 


О = Metaen te r D= log, (9) 


ТЕ Евра 
In practice, Density сап be quantified by visual comparison 
of a projected negative image to a card standard which has 
been printed with different tones of grey corresponding to 
different densities.51 

À plot of density versus log H is then the 
conventional method of documenting the sensitivity of a filr 
to different intensities. Figure 51 gives a characteristic 
"Density versus log H curve!" (H and D curve), showing the 
standard features. Various classification methods have 
ehosen ene or more of the features of the D-log H curve as a 
criteria for specifing some index to the film's sensitivity. 
In this country the most common is the "ASA" rating which 
has been established by the American National Standards 


Institute (ANSI) and generally is given by 
К 
ASA Speed = H 
m 


kS a Constant and H is a particular value of H which cor- 
Iu 


——  —— A op C —U AED «Әле «ңыз 


50Ibid., pp. 97-98. 

S1?he subject of Densitonmetry is discussed at length in 
ESectyion 15, Densitometry," J, aul Weiss, editor, SPSE 
Handbook or Photographic Science and Engineering, wiley, 
етра 929, TE. 


87 





E lates to desired results for different emulsion types. 
The H and D curve for a representative color reversal film 
is given in Figure 52. For this emulsion type, 


Н = АН 
m 5S 


and 


ASA Speed 
m 


rounded to the nearest 42 step.5? 


B. ПИ SENSITIVITY VERSUS COLOR OF LIGHT 

A different parameter of film sensitivity is the 
frequency response of the film emulsion. Color sensitcmetry 
provides curves of spectral density versus wavelength for 
the individual layers of the film, ог alternatively, ап 
impressive array of different methods of quanitizing the 
response of a particular filn.S3 Of particular interest is 
the concept of color balance. As a rule, one desires a fiim 
to reproduce the color of an object as it was seen. But for 
reflecting objects the color seen depends on the color of 
the illuminating source. Therefore, films are constructed to 
provide a "natural" response to objects illuminated by 
Eee OI a particular color temperature. Natural response 
is considered to exist when neutrals are reproduced as 
nearly neutrai.5* The color temperature of the source is 
the temperature at which a black body radiator would emit a 
spectrum of radiation similar to the source in ячеѕііоп. 5 5 
If a film is exposed to light from a source of a color 
temperature other than that for which the film has been 
designed colors will not be rendered natural in the 
resulting image. Thus the familar yellow tinge to 


photograghs taken under tungsten lighting with "Daylight" 


ән» у ЕН eee ep ee ee и» 


52SPSE Handbook ..., Pp=. 810 - 816. 


=e те pio акс. ee A с ш 


S3Ibid., p. 448 - 469. 
S*Ibid., p. 469. 


SSFastman Kodak Сопрапу, Kodak Publ 
Kodak IRTRAN Infrared Optical Materials, 19 
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film. This imbalance can be corrected through the use of 
filters whose spectral transmittance is such that the 
Spectral intensities of light transmitted through the filter 


Gmmresponds to the spectral sensitivity of the film in use. 


C. FILTERS 


Several elasses of optical filters exist ofæxhich the 
class absorption filters are of interest here. Using the 
quantity flux (6) defined above various qualities of 
absorption filters can be considered; 36 


«әш» — ib کے سس‎ ee oe oe m å с سے‎ eS SS 


Шу a material (3,) to flux incident on it (&:): 


Pa = 2r/5, 
Peecetral Mbsorption x, is the ratio of "flux absorbed Ey 


the material ($4) to the incident flux: 


Gs Ps 
Spectral Прашко Бапсе 72 15 the ratio of flux 


transmitted through the object (M,) to the incident flux: 


ASE Els, 


Ji max is the maximum transmittance. 


Spectral density D, is defined as 
Da = (одао x 


The spectral density of two or nore filters used 
simultaneousiy is equal to the sun of the individual 
Spectral densities.5? The tern "Spectral..." implies a 
dependence of the quantity on the wavelength of the energy 
being considered. The bandwidth or half-width adh, is defined 


шы ae ae 1.‏ = د O‏ د چ دج ج ج س ج 


as the wavelength interval between the wavelengths at waich 


about which the pass band is centered. Of the absorption 
filters, two types are of interest, the band-pass filters 


end the colcr conversion filters. 


== SS O o шы ee eee 
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1. Band-pass filters 

The more common band-pass filters are constructed 
of a gelatin film or colored glass. Those produced by the 
Eastman Kodak Company are classified by a number series, the 
"Wratten" numbers. These filters permit transmission of a 
band of wavelengths, and may ре tabulatedss by mean 
wavelength AQ. The Wratten numbers increase approximately 
with increasing Am. Figure 9 above shows representative 
half-widths for selected filters. An important aspect of a 
particular filter is its peak transmittance (J пах). 
Different filtering materials have different spectral 
transmittances at different frequencies. Thus one obtains a 
transmittance curve for a given filter similar to Figure 53. 
The differences in peak transmittance among the various 
filters gives rise to the reguirement that different times 
be used to obtain equal negative density (0) when using 
filters with different peak transmittances. Рог ехапр1е, 59 


a Wratten 18A filter has a Ja max of 0.62 while a 
0. 


у 


ол 


ом 


400 (00 goo n.m. 


Figure SS | 
Transnittance of a Wratten 47 Filter 
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id., p. 308-303. 
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Wratten 99 filter has a Ya max of 0.20 (approximately). Then 
to obtain an equal exposure at their respective Should 
require an exposure time three times as long with the 
Wratten 99 filter as with the Wratten 18A. The approximate 
values of Ум пах for Wratten 47B and 61 filters аге 
respectively, .50 and .40 indicating exposure times of 1.25 
longer for the green (Wratten 61) filter. 
2. Colcr Conversion Filters 

The need for matching color balances between filn 
and source tc render "natural" colors in the image 15 
Satisfied through use of color conversion filters, which 
adjust intensities of incoming light to provide a wavelength 
intensity distribution which matches the sensitivity 
distribution of the fiin in such a way as to cause the 
Source-fiim system to have an overall sensitivity similar to 
that of the еуе. 60 There exists a series of filters 
designed to provide this spectral shift. Each of the series 
mild By its mired shift value. This value  (üSV) is 
given by$1 

MSV = 106 - 108 
ме 


Qu 
where TA is the color ЕР E of the source and T, is 
color temperature of the light transmitted by the filter 
(AIRED is an acronym for million-reciprocal-degrees). РОГ 
example, if a film which has been balanced for 5600°K is 


used with a 4800°K source a mired shift of 


106 ~- _1C6 = -29.76 
5600 5800 
is indicated. This corresponds roughly to a Wratten 82B 
пен whose Mired Shift Value is given as -32,82 Thus an 


increase in temperature requires a decrease in Mired Value. 


-— a" Gee GR GREE a ===> с PPS Ges 


60Engel, p. 44. 
61SPSE Handbook..., p. 312-317. 
BIG, р- 315. 
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POLAROID CORPORATION 


CAMBRIDGE, MASSACHUSETTS 02139 


Thank you for calling us on the Polaroid Technical Assistance 
telephone line. 


Enclosed is the literature we discussed. I trust that you will 
find it informative. If you have any questions in this area, or 
if you would like help with any other Polaroid industrial product, 
Mim Or application, please call us again on our "Hot Line." 


We appreciate your interest in Polaroid photographic products. 


Sincerely, 
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APPENDIX C 
COMPUTER PROGRAM 


= о «қыз «ҚЫ» «шы» «лы» a umb UND UND чи VA 


KS DISCUSSTON 

Program PWRCK computes the values of power versus 
corner to monopole (CA) and monopole to probe (К,А) 
distances as described in section V. C. 2. The data thus 
computed is displayed as either a two- or three- dimensional 
plot. The type of plot generated depends on the parameters 
IC and IK. if either of these is set equal to tne integer 1, 
a 2-D plot shall be generated. Otherwise а 3-D plot is 
generated. 

Since the purpose is to provide flexibility in 
computation there 1s necessarily a finite complexity to the 
program. This primarily comprises determining the various 
parameters of interest and inserting them in the progran. 
Insertion, rather than reading, of the values has been 
selected for two reasons. First, computer time is reduced, 
and second, once set, the majority of the parameters are not 
likely to he changed. 

Only one other user interaction is required besides 
setting parameter values. That is the task (unavoidable in 
FORTRAN) of explicitly defining the size of the arrays. 
Three sets of arrays must be DIMENSIONed. The first deals 
with tne power computations. The second deals with plot 
scaling for three dimensional plots. The third set affects 
the output routines but is fixed and does not require user 


Interaction. Procedures are described below. 


B. PARAMETERS TO BE PROVIDED 
The following values are required for all types of 


output: 


СООН = cap Н = Monopole length H in centimeters 


CLMDA = Lambda = Radiation frequency's wavelength (J) 
in centimeters 


96 





IC = number of data points computed for each P versus C 
curve 


IK = number of data points computed for each P versus K 
curve 

L2 = number of integration steps per datum point 

RC = magnitude (alway positive) of the complex 
mMerlection coefficient Г. 

ARC = phase angle of in degrees 

Y1 = initial monopole to probe distance К А іп 
centimeters 1 
YMAX = largest value of KA in centimeters by which 
data 1s to be computed 

DY = Interval in KA in centimeters by which data 
points are to be separated 

EZO = an arbitrary scale value 

PEEL Initial corner to monopole distance Gom 
centimeters 

DMAX = largest value of CA in centimeters for which 


data is to be computed 


DD = Interval in C^ in centimeters by which data 
points are to be separated 


Z = Probe length (Sa) in centimeters 


DZ = Integration interval іп 2 with which Simpson's 
rule integration is performed 


Mil = a 96 character alpha-numeric title to be read in 
ӨШ tvo successive cards, with 48 characters (blanks 
included) per card 
C. DETERMINATION OF PARAMETERS 
1. Defined parameters 


Certain parameters are defined in metric units 


CAPH 
CLMDA 
Re 


ARC 
Y1 
EZO 
D 
YMAX 
DMAX 
2 
Note that YMAX and DMAX are not explicitly required by the 
program. 
2. Derived Parameters 
In all of the derivations the issue is to determine 
the interval between computations in each dimension (DY, DD, 


DZ) which gives the smoothest results. The computer must 





also be told the number of such steps (IK, IC, L2) which are 
being taken. There is no vay to avoid mental gymnastics in 
deriving these values since one must be determined on the 
basis of the other in an iterative manner. It is considered 
that this is most efficiently done off-line, as described 
with the below formulas. It is worthwhile to note that there 
is always one more in the number of data points than in the 
number of intervals in a range, since one must account for 


the very first (zero-interval) comoutation. On these bases 


the following formulas  genérate the required derived 
parameters. 
IC = DAK = 1 + 1 DD = DNAX = DD 
DD IC - 1 
IK = YKAX = Y1 + 1 DY = DMAX - DD 
DY ҮЙ и TT 
EZ = 92. + 1 DZ = 2 
= A 


D. SAMELE PROBLEMS 
The three sampie problems demonstrate the use of the 
program. 
1. Two Dimensional Plot (Power vs Y, for fixed D 
Consider a problem in which a two dimensional plot 
is desired cf Power versus Ү, for a fixed value of CA with 
a given reflection coefficient -.42-459. Refer to Figures 
17 and 18 as desired. A wavelength of 20cm (corresponding 
to a frequency of 1.5 ең2) is selected with а fixed 
Corner-to- Monopole distance of 5cm, probe length of 2cm and 
monopole length (?7/4) of 5cm. Initial value of Y, 1s 2cm 
and data is desired out to one wavelength away from the 
monopole. 
а. Defined parameters from this problem statement 


are 





1 >2. 
b. Derived Parameters 
Only a single curve is desired, and there is a 
single value of D, thus IC = 1. In order to get a smooth 
BISE TE 1S likely that an interval of about 20 points per 
inch should give a smooth curve. But to allow easy 
graduation of the axes one ought to have some metric 
relationship between intervals and the range YMAX - Y. Since 
in this case УМАХ — Y is 18cm., a choice of 90 intervals is 


suggested, giving 


90 = YMAX - Y so that IK = 91 
DY 


Similarly, a choice of approximately 100 integration steps 


results in L2 - 101. From these we obtain 


EU CIE P FS 
NK UNA О) 


ow Wd M og 


1 
9 1 
101 
1.0 
0.2 
0.02 
aná the title cards (ТТІ) 


appended in the conventional manner as data cards, the 


With these parameters inserted 


listing on page 105 results in the 5" x 3" piot of Figure 
54. 
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Figure 54 
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2. wo Dimensional Plot (Power versus D for fixed Y_) 
а. Defined Parameters 

In this case, using the same scenario as (1) 
above, but plotting versus the other parameter requires only 
the change in Yl and D. For example if a fixed probe 
distance Y1 of 18cm were selected and the initial corner 
distance D were selected to be 2cm, the two cards changed 

would be 


1 = 


Xx 18.0 
р = 2.0 


b. Derived parameters 
Since the intervals involved have not changed, 
that is, probelength is the same, and the data line is still 
18cm. The computations are conceptuaily identical with the 
first problem. Axes have changed, so the intervals and 


counters change 


NK NAO 
uus 


DONE 


The resulting plot is shown in Figure 55. 
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Figure 55 


100 








3.  Ihree Dimensional Plot (Power versus Y, and D) 
a. Combining the reasoning of the first tuo 
problens one might choose 


b. Derived Parameters 

Now, unfortunately the number of computations 
has been squared unless some adjustment is made. The three 
dimensional plot is desireable primarily as an aid to 
Visualization rather than for scientific accountability, so 
it is reasoned that a less precise plot is acceptable. Here 
two intervals per centimeter of data range is considered 
adequate. Similarly, the number of integration steps are 


reduced, so that 


ODIA 
на СО С) 


ВИ! 
O © ی ت‎ UW 
© © в لہ ہہ نے‎ 
Our 

<= 


е. FOr Еле three dimensional plot, some 
additional user interaction is required by the plotting 
Subroutine. These are described in detail in the Technical 
Memorandum for PLD3D1I available from the Computer Center 
Consultant Staff. This program has reduced the parameters 


enereot tc three itens. 


NKXY - a "magic number" which is determined by PLT3D1 


See LOtation angle of the 32D surface about а 
hocizontal axis 


Em rotation angle of the Surface about а vertical 
axis 
These three values are to be read in when provided in the 
ebcve order in an (£10, 2710.3) Fortran FORMAT. 

(1) Initially NKXY IS Бес EG IT and entered 
in colunn 9. ALPHA anû BETA must be set to their desired 
value. The program provides two output plots, so two data 
cards must ђе provided. It is suggested that the angles be 


selected initially to be 159 and 15° respectively for ALPHA, 
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fee end 759 respectively for BETA. Accordingly the data 


cards should appear as 


Pe ee ae ee 
| -1 15.0 ш 
0 
! 
0 
| 1 B E 
) ) В 
1 
2 р 6 | 
m | ! I а 1 1 u 
м“ | 000. 0090000007 900 ге 0009000060, Опосооооосов 
6 з ) ЕАГИ АН ГАНА 17.02 19.20.21 7/2924 2526272929 22 5) 32 2334 95 35 3) 33 32.49 11 4 
E a y IA O A A A 
4 У a „ on 5 
. 3 ДЕ 1222222%272222220 42. 22027 22 2 Рт 
— C g 33931233233313333:12]2 222 er 
i 5 
EE "¢ 444) 4441444444444444444444444,4444444464441 
| 2 
| E ! M 3555575,555555,55 5555555, 55/55 55555555555 
| ^ , 1566665666685; GBBEEBECELEBDGSGEDGD, 66560655566 
mU. 


TTT RIAS AAA 





j 88000880820022909 885000006066, 9, 8885666832 


1 - Ал =” "а .- = 

9 58.925,0939932/90909580 $99999998949999998 

1234$ 812 101012031445 1612 1019. 2021 322326 2526 2) 203) 36.21 923334 39 35 3) 32:39 4) A 
NECC/HP-23431 


2 


-a y e 


(2) When run, the program will define the 


reguired value of NKXY as follows 


ALPHA= 15.0 BETA= 15.0 


EDO WILL PRODUCE AN ISOMETRIC PROJECTION OF THE 
INPUT SUKFACE 


Bie VALUE OF NKXY FOR THIS PLOT SHOULD BE 0 
SUEROUTINE PLT3DI HAS PLOTTED A GRAPH TITLED: 
moron eh VS CORNER TO MONOPOLE DISTANCE (С) AND Er 


ESZIONOPOLE TO PROBE DISTANCE (K)- (IN WAVELENGTHS) Xx 
ALPHA= 15.0 ВЕТАс 75.0 


PLT3D1 WILL PRODUCE AN ISOMETRIC PROJECTION OF THE 
INPUT SURFACE. 


THE VALUE OF NKXY FOR THIS PLOT SHOULD BE 0 
SUBROUTINE PLT3DT HAS PLOTTSD A GRAPH TITLED: 
***POFER VS CORNER TO MONOPOLE DISTANCE (C) AND E 


***XMONOEOLE TO PROBE DISTANCE (K)- (1N WAVELENGTHS) **** 


102 





At this point the user must set NKXY to the proper values, 

and check the DINENSION statement in the program to insure 

that the arrays KX and KY are at least as large as NKXY. 
When these adjustments are made the program is 


re-run, the resulting output plots shall result as shown in 
Figures 56 and 57. 





PLGULe ый 
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82 оса! тич 
The program is set up to provide a real valued 
output in mv for an input current Im of Im - EZO. It may ре 
desired to normalize the plots to a fixed value to allow 
comparison of curve shapes. This is accomplished by the 
block of source cards from statements 2000 through 2100 as 
mo LOWS > 


2000 CONTINUE 


mms gis «Өне ces mb eee es ee ee ee ee ee es ee ee eee a ee es ee ee ee ae ee жақы» ee ee eee ee ee ee ee ee m 


29,219 5 ИР 4X 
= 1 RM 
2100 РОК ТЕ { 


Other scaling techniques may be substituted for this set of 


Statements. 
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APPENDIX D 


А. ӘР ТӘТІСАР METHODS 

Data presented from the various experiments are 
identified as "average values" derived from the stated 
nunber of runs on the experiments. The following algorithns 
меге used to obtain the various statistical values referred 
КО їп the text: 


I Average Value (X) of a set (X. X ttr x 


2.  Standardard Deviation (Sx) is used to characterize 


c" — X O da O CU, CO oe «дылдар бнер чане «дајә «Ыр ee — — 





3. Average Standard Deviation (5%) ISS ныс 
Characterize the overall accuracy of a curve, each point of 
which is an average value with its attendant standard 


deviation. It is the average of those standard deviations: 


B CURVE FITTING 
lE Temperature Curves 
Temperature Curves were fitted with a French curve 
passing through the average data points for the given set of 
conditions. 
2. Density Curves 
Density curves in Figures 37 and 38 were adjusted 
within one half a standard deviation on either side of the 


averaged datum point. These restrained adjustments in one 
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dimension were necessary to obtain consistency in the other 
planar dimension. Figure 58 shows the technique used. 
Averaged data points were plotted with a line showing a 
width equal to one standard deviation centered on the datun 
point. Straight lines connecting these limits created a 
"channel" the hatched region) within which adjustment was 
allowed. Thus figures 37 through 40 show values obtained 
within one half a standard deviation of the mean 
experimental values with quasi-linear interpolation between 


data points. 
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Figure 58 | 
Region of Likely Values about a Datum Point 
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AGA_THERMOVISION EXPERIMENTS 


u ес dme es oe A AR 


А. DISCUSSION 

The author attended a general demonstration of the AGA 
Thermovision Device Model 750 on 22 July 1975 at NPS. The 
author recognized the possible application of the device to 
the objectives of this work, and asked the AGA 
representative to take part in some simple experiments that 
afternoon to see if the application of the device was 
feasible. The representative, Mr. Jack Patterson, agreed to 
do so. The experiment consisted simply of a Case ЛА cross 
(described below) 10cm from the driven element irradiated 
with the corner reflector system with the reflector 18сп 
from the driven element. A Polaroid Print backing cardboard 
on which was attached a piece of Olde Towne carbon paper was 
placed next to the cross. The power density arriving at the 
cross was estimated to be approximately 15 mw/cm? and the 
ambient temperature was 249°C. Тһе Thermovision was focused 
on the cross, resulting in the image of which Figure 53 is a 
conventional Polaroid photograph. 

Encouraged by these results and after consultations 
with Professor Burton, arrangements were made for a more 
extensive and controlled feasibility test. Those 
experiments, conducted on 17 November 1975, vere to 
determine the feasibility of using the AGA Thermovision 
Systen to detect thermal fields induced by electromagnetic 
fields on an assortment of structures. The form of these 
experinents was selected to investigate two principal 
elements considered likely to affect that feasibility. 
These elements are: 

1. Conductivity 

The surfaces investigated must be sufficiently 
conductive to allow current and charge distributions to be 


established. In particular, current distributions are 
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necessary in order to generate thermal fields which пау be 
then sensed by the Thermovision Systen. However, tne 
surfaces must not be so conductive that either (a) no 
Significant heat is generated, or (b) any generated heat is 
immediately dissipated by the thermal conductivity of the 
material. (Thermal and electrical conductivity go virtually 
hand in hand in electrically conductive materials.) 
2. Emissivity 

The materials used must have their surfaces treated 
in such a manner as to assure a sufficient level of 
enissivity. 

a. Spectral emissivity (e,) is a measure of the 
difference between the spectral emittance of the object in 
question and that of an ideal black body: 

E> Wem 
where Was is the "spectral emittance of the object іп 
question, Wag is that of the black body. 

b. The emissivity (вс) or total emissivity of ап 
object is the ratio of its total emittance to that of a 


black body expected from the Stefan-Boltzmann formula 


н. а W 
57 ғыс 0 
TNT IA Ec 
where lo is the total power density at all frequencies 
emitted by the object, Ois the Stefan-Boltzmann constant 


nee 


(5.67 e 10-8 watt ) and T is the temperature of the object 
п265 8% 
in degrees Kelvin. | 


"The values for € obtained by using Thermovision 


are, in effect, the N аосд cf £4  occuring over the 
miádle infrared wavelength interval utilized..."83 | 
The emissivity of a material is highly 


dependent on the condition of its surface. In general, 


63Thermovision Manual, Section 7, p. 7. 
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highly reflective surfaces are very poorly emissive, so that 
by increasing its absorptance, we can increase its 


emissivity. 


Ба BASIC FORM OF EXPERIMENTS 
The experiments comprised three basic forms. 
1. Dielectric Substrate with Carbon Paint 
Various structures were made of dielectric 
substrate and painted with a conductive carbon paint. %* 
Carbon has been seen in the first experiment to have heat 
generating and keeping qualities which were adequate to 
provide a Thermovision image. The question was whether its 
electrical conductivity is sufficientlv high to permit 
induction of currents or sufficient magnitude as to match 
the behavior of a more perfectly conducting structure. 
2. Metal Structure with and without Carbon Paint 
These structures, matching those of B.1 above, 
were considered a likely Substitute for the problen of 
inadequate induced currents. The question here is whether 
they possess enough emissivity to present an image to the 
Thermovision System. 
J. Structures with Carbon Paper 
These structures vere similar to that of the 
earlier experinent. The principle involved is to use the 
carbon paper to tranduce fields in the vicinity of tae 
СШС СОБЕ fron Whien charges and currents on the structure 
can be deduced. The phenomenon is considered to consist of 
currents being induced in the carbon paper. These currents 
are parallel to the electric lines of force (LOF) set up by 
the charges on the structure. As the lines of force 
converge on large charge concentrations, their flux density 
(lines per square centimeter) increases, and with it the 
heat generated by the ohmic resistance of the carbon paper. 


In high charge density regions this ТОР density 


6*Eccocoat 256 paint, manufactured by Emerson and 
Cuming, Inc., Canton, Massachusettes, 02021. 
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amd its 


attendant thermal energy density (joule/cm?) is 


sufficient tc exceed the sensivity of the AGA detector and 
provide an image. 


C. BEXPERIMENTAL PARAMEZTERS 


". 


2. 


possible 


Types of Structures 

Three basic structures were used. 

а. 1.5 Wavelength (4) Monopole over a Ground Plane 
b. Aircraft Model 

C. Wire crosses 

Expected Charge and Current distributions 


Various Charge and current distribution are 


on the selected structures. Broadly these may be 


classed into various cases. $ 5 


ست سے سے س чы тј" ge‏ = = 


6SBurton,  B.8., "Keasured Currepts and Charges on Thin 
Crossed Antennas in a Planewave Field", (with В.И. Kind) 
IEEE transactions on Antennas and Propagation,Vol. AP-23, 
Ко.” 


mmo me e 


5, рр.557=5%, Septenber 1975. 
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а. Case 1A 


This case uses a 4X vertical height (№) over a 
ground plane, with cross arms (when present) placed "72 
above the ground plane. These arms are each “Ya to be 
compatible with the vertical member's charge and current 
distribution. The effect of this configuration is to place 
a large current maximum аб the junction point, and large 
charge deposits at the tips of the structure. 
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Figure 59 - Case 1A | A 
Cross Configuration with Current and Charge Distribution 
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b. Case 1B 
This case also uses a Y4^ h but places the 
cross arm at a charge maximum. Now the cross arms must each 
be % to have their natural charge and current 


distributions be compatible with that of the vertical 
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ове Configuration With Current and Charge Distribution 
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с. Case 2 
This case presents a symmetric structure, with 
the vertical member one wavelength in length, and each arm 
ШО іп length. This results in a current minimum at the 


junction. 
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d.C dco 


This case presents a 1.5A structure without 
Cross arms. 
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3. Dimensions and Frequencies to be used 
The freguencies to be used depend on the dimensions 
of the structures involved. 
a. The available materials for construction and 
the considerations above of the metal monopole required a 


Case 3 monopole over a ground plane with dimensions as 


follows: 


а = 2 inches - 5.08 cnm 


|Ка = 2.a = 1. 


X= 31.92 cm 


В 451,08 сол 21.5 
£ = 939.39MHz 





= 1.59۸ 07.98 cm 


Би / 
% % А 


ұғ 


EH TUO UD TIED] 
| , Figure 63 
Dimensions of the 1.5A Wavelength Monopole 
From these dimensions an operating frequency of 
939.89 MHz is derived. 
b. Plastic Substrate Aircraft Model 
A plastic model fighter plane was selected with 
the dimensions shown in the figure below. From these 


figures the range of dimensions were obtained for 
Length (L) 26.6 € L € 27.6 cm 


Width (NW) 20.14 W « 25.7 cnm 
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| | Ee 64 = 
Dimensions of the Plastic Aircraft Model 

(1) A Case 1A structure is almost achieved with 
a frequency selection of 815.2 MHz with the model nose down 
over the ground plane. In such a case L = 27.6 cm = ЗА, and 


the arms are each .02 longer than Ма: 


n Ya’ 27.6 cm 


W= hy 18.4 cm; 20.1 = .54672 


(2) A Case 2 Configuration is obtained at 
1.258 GHz with the model tail down over the ground plane. 


In this case the length is one wavelength but the arms are 


now each .02 too short: 


ј = А 26.6 cm 


Я = A = 26.6 cm; 25.7 cm = .966%Х 
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с. Metal Aircraft Model 
A copper aircraft model was obtained as shown 
in the figure below. This structure is more symmetric than 
the previous one so that the only case considered favorable 
is a Case 2 configuration. The ranges of dimensions are 
0 І < 54 сп 
0 We 57 сп 


IN (dS 


> 
5 
A frequency of 570 MHz provides A= 52.6 cm, which matches 


these dimensions. 





| Î Figure 65 _ 
Dimensions of the Copper Aircraft Model 


d. Wire Crosses 
Wire crosses were constructed to provide Case 


1A and 1B Structures. The frecuency chosen on the basis of 


convenience is 1.5 GHZ. Their dimensions are shown in the 


figure below: 
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Dimensions Beene pire Crosses 
D. EXPERIMENTAL OBJECTIVES 
The experiments were to proceed through the three basic 
forms (dielectric, metal and wire structures) to determine 
(1) Whether an image is visible 


(2) What degree of difficulty exists in obtaining it. 


E. EXPERIMENTAL PROCEDURES 

The success or failure in determining the irst 
objective was seen to depend principally on the amount of 
energy transferred to the element by the field and on its 
ability to reradiate that energy. The ability of the 
structure to accept the field energy rests principally in 
its resonance characteristics, and next on its ohmic 
conductivity. The ability of the structure to reradiate the 
energy then depends on its thermal conductivity and 
emissivity. Since  ohmic and thermal conductivity 
essentially go hand-in-hand it is seen that there exists 
essentially a three dimensional matrix relationship among 


the parameters, aS seen in Figure 67. 
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Emissivity 


Matrix of the a a the Parameters 
Therefore, the experinents are seen to be conducted in a 
natrix fashion, choosing an element with successively more 
complex (less Simple) resonance, and for each plane level of 
resonance complexity investigating the response with various 
Coordinates of conductivity and emissivity. 

TO implement this plan it was necessary to modify the 
emissivity of the metal structures. The modifications were 
irreversible in the short time available, so a definite 
procedure was followed as outlined here. 

1. 1.24 Monopoles 

These provide the simplest and most predictable 
resonance Characteristics. These were irradiated at 939.39 
MHz and investigated for the surface thermal patterns in 
this order: 

а. Тһе dielectric base monopole. 

b. The brass monopole without modification 

С. Тһе brass monopole sprayed with flat black 


paint on one half. 
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d. The brass monopole painted with carbon paint on 
the other half. 

e. The brass monopole with large carbon paper 
sheet behind it. 

2. Aircraft Models 

These structures have Significantly greater 
resonance complexity, but are fundamental to the research 
for which the use of the AGA device is being considered. The 
models used can be approximated by simpler structures for 
which there exist known measurements, notably the Case 1A 
and Case 2 models discussed above. These were investigated 
in this order: 

а. Plastic Model, nose down over ground plane. 

b. Plastic Model, tail down over ground plane. 

с. Copper Model with oxidized surface, nose down, 
touching the ground plane. 

d. -Copper-Model with oxidized surface in flight 
configuration at varying heights above the ground plane 
( Ма. Уә., Yar, and other intermediate positions). 

e. Copper  .Model in Same configurations as 
Êl 2. b and c above but painted to obtain higher emissivity. 
Choice of emissive paint to be based on results of paragraph 
ESTA above. 

e. Painted Copper Model in configuration E. 2 b, 
nose down touching the ground plane, with carbon paper sheet 
immediately next to it. 

3. Wire Crosses 
These were investigated with the carbon paper in 


close proxinity. 


F. EXPERIMENTAL RESULTS 
1. General 
The experiment was successful in showing the ease 
with which the AGA device might be used to observe the 
fields of irregular structure. Further it showed the carbon 
paint and carbon paper to be effective transducer media in 


that it is evident that they transduce fields without 
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distorting them from what has been previously measured to be 
their correct form. It is considered important that the 
relative simplicity of the method be appreciated. There is 
no need for prechilling of the transducer medium. There 15 
no need to get extremely close to the radiator, thereby 
distorting the fielás or incurring the effects of nonplanar 
wavefronts. The  experinenter is not constrained in source 
frequency selection since there are no size linitations. It 
is also evident that the pover limitations cited for the DTM 
process are not an issue. The principal issues are how 
(1) to optimize the selection of a transducer medium and 
(2) optimize the selection of color assignment to the sensor 
temperature ranges discussed below. Of these two issues the 
latter is eminently elegible for subjective manipulation. 
The former may be approached ona methodical scientific 
basis. 
2. Guide to Interpretation of Results 

The photographs which accompany the following 
discussion are conventional Polaroid color photograrhs ог 
the screen of the AGA device display monitor. The color 
bars across the bottons of the photographs show the colors 
associated with a particular value of the temperature. The 
temperature range is in discrete .2°steps centered on a 
continuously variable temperature level. The choice of 
color for a particular temperature range was based simply on 
what combination of colors gave a percieved clarity of 
image. This assignment can be varied arbitarily. What is 
significant is that the device sensed the temperature 
distribution which occurred and presented it in a manner 
which then could be manipulated for inproved human 
perception. 

3. Experimental Parameters 

The experiments used the 60° corner reflector 
structure as the illuminating source. It was fed with 
various pcwer sources with a range of power levels from 5 to 


80 watts. The corner reflector was consistently placed at 
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.4А from the driven element. The target elements were 
generally a distance of approximately 2А from the driven 
elenent. An additional parameter, view angle (x), emerged 
as one of certain interest. It is defined by Figure 68 as 
the angie between the direction of arrival of the 
illuminating wavefront and the direction along which the 


target element is observed. 
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„Figure 68 
Top View of Experimental Setup (Not to Scale) 


4.. 1.34 Monopoles 
а. Dielectric base monopole 
Figure 69 shows the image obtained of the 
dielectric base, relatively fat, 1.54 monopole. The view 
angle for this image is approximately 45°. It shows the 


current distribution of Figure 62. Additionally it shows 
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the spillcver which occurs at the top of the monopole when 
the current, no longer able to continue longitudinally along 
the vertical axis becomes transverse and flows around the 
side of the monopole away form the incident wavefront. This 
phenomenon matches that measured by Burton and King for this 


Same identical case. 





> Figur emeg 
AGA Thermovision Image of a 1.5A Fat Monopole 


b. Brass Monopole 
No image was obtained of the currents on the 
brass monopole. This lack of success iS not considered 
conciusive however.  Resolvable difficulties discussed below 
were incurred with the carbon paint coating and with 
obtaining a carbon paper medium large enough for the device. 
The time constraints did not allow these issues to ре 
immediately resolved in this case. 
5. Aircraft Models 
а. Plastic Aircraft Model 
Figures 70 and 71 show the image obtained of 
the plastic aircraft model. Figure 70 shows a view angle of 


900. The stronger currents apparent on the port wing 
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indicates its closer proximity to the illuminator. The 
overall pattern, with an apparent current maximum at the 
Case 1A junction, located in line with the trailing edge of 
the wings, 15 consistent with the expectations of 
С. 3. D. (1) above. A Case 2 image was not attempted due to 


time constraints. 
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| Figure 70 | 
Plastic Aircraft Model, Case 1A View Angle = 909 





| Figure 71 | 
Plastic Aircraft Model, Case 1B View Angle 


2.02 
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Figure 71 shows the aircraft illuminated from its underside. 
The hot spot on the fuselage next to the cockpit indicates 
the lowest current maximum of the Case 1A configuration. 
Additionally the junction current maximum 1S visible at the 
trailing edge of the wings. Of possible additional interest 
are the patterns on the vertical stabilizer indicating 
current distributions thereon. 
b. Copper Aircraft Model 

Figure 72 and 73 show the images obtained of 
the copper aircraft model. The highly oxidized surface of 
the model apparently provided the high emissivity observed, 
while the thinner metal thickness inhibited flow-away of the 
thermal fields. These results were particularly encouraging 
Since the power leveis needed were much lower than those 
required for the plastic model. 

Of particular interest are the patterns 
observed on the wing surfaces where currents are not 
constrained by narrow structures. Apparent hot spots appear 
near the trailing edge of the port wing as seen in Figure 
12. 





Figure 272 








Figure 73 


6. Wire crosses 

Figures 74 and 75 show the Case 1A and 1B wire 
crosses. In all previous images the currents on the 
structure were being observed by their being transduced into 
a thermal field on the structure. Here the currents are in 
a piece of carbon paper placed next to the cross. The 
currents are apparently induced parallel to the lines of 
force (LOF) of the electric field so that the image obtained 
represents the charges on the structure. Figure 74 is 
completely consistent with Figure 59 and [2]. Figure 75 is 
completely consistent with Figure 60 and [2]. It 16 
Significant to note the diminished magnitude of the charge 
at the top of the Case 1A cross, caused by the sharing of 
charge with the cross arm tips. This phenomenon 1S cited in 
[2]. It is interesting to note the shift of charge away 


from the junction seen in Figure 75. This too is consistent 


with the measurements of [2]. 
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| _ Figure 74 | 
Case 1A Wire Cross with Carbon Paper View Angle 





) | a 75 | 
Case 1B Wire Cross with Carbon Paper View Angle 
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8. Technological Complications 
Two items presented relatively minor problems. 
а. Emissivity Conductive Coating 
Yet to be resolved is the problem of an optinun 

coating for either dielectric or metal base objects. The 
material used contained acetone as a base, which eroded the 
polystyrene of the aircraft model. When placed on glass or 
metai this paint cracked while drying. One possible 
solution, that used on the dielectric base monopole, is to 
first coat the object with a standard lacquer®® allowing it 
to dry before being painted with Eccocoat.  Aquadag was also 
Suggested, but not tried, as an alternative. 

b. Large carbon paper 

When using carbon paper to sense the fields in 

the vicinity of the structure one must allow indirection of 
currents in the paper along the lines of force of the 
electric field. To avoid distortion of such currents the 
carbon paper must be large enough to provide a complete 
circuit for the currents involved. The sheets used with the 
Case 1A cross were approximately twice as large as the 
accompanying structure. The sheet used with the Case 1B vas 
only slightly larger tnan the cross, while that used with 
the brass monopole was approximately the same size. Et 
appears that there is a correlation between relative size 
and success in imaging. It is suggested that that success 
15 related to the freedom with which currents can be induced 


in the carbon paper. 


G. CONCLUSION 

The experiments described here clearly demonstrate the 
feasibility and simplicity of using the AGA Thermovision 
device for imaging electromagnetic fields. Its advantages 


over DIN are: 


— جه ج سو‎ ee E I| A 4] 


66The laquer used here was Tuf-On 747-S Moisture and 
Fungus Resistant Varnish manufactured by Brooklyn Paint and 
garnish Co., Inc., 50 Jay Street, Brooklyn, N. Y. 
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1. Clarity of imace 
Because the colors Nav be manipulated at will, the 
image may be subjectively manipulated to obtain optimal 
pemcemved clarity. 
2. Ease of calibration 
Inages nay be easily measured to obtain values of 
field intensity. The accuracy of these measurements 15 
limited by step size of the temperature increment and the 
calibration of the device, but is identifiable. 
3. Ability to, reasure charges, or current on, the 
structure 
The methods described here permit observation of 
current on the structure directly or of charges by inference 
from the near electric field observed by the currents it 
induces in the carbon paper. DIM is limited to observing 
Ше charges on the structure. 


ц. Fase of observation 


m mn ee چ‎ = nd 


Once the issues of F.1 above are resolved, the 
investigator simply observes. the pattern. There is no need 
for painstaking  presensitization or cooling. Since there 
are no frequency linitations, he can select the frequency 
nost desirable for his objective. Since there is an 
apparently lower power threshold he can operate at safer 
power levels and at distances from the illuminator which 
Minimize interactions with the source. 

In conclusion, the use of the AGA Thermovision 
device in the manner described here shows significant 
potential as a means of observing the charges and currents 


on structures and the resulting electromagnetic fields. 
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